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Grorce, Lord Baron of Dartmouth, 
Maſter General of His Majeſties Ordnaice | 
and Armies, Maſter of the Horſe to His 
Majeſty, Lieutenant of bis Majeſties Fo= 
reſts 4 Holt and Wilmore, and one of 
His Majeſties moſt Honourable Privy= 
Conncil, 


Mr Loanp,,... 


ur ti "They. 
are boy for one of the N They 
Uſes that can concerns his Ifand, ; 
and ( not. | 

Lordſhip. 
ſtudied 


ence, derivdto me By Lta 

an early Educatrony and ot 

pretiogs very Powerful,and jnde-: 
ble. T have hens tobea Eeptec 


The Epifile Dedicatory. 


in this Addreſs, from your Lord- 
ſhips propitious Inclinations to- 
wards all who any way promote the 
Engliſh Intereſt, and Title to their 
Navigable Country the Ocean, A 
Title and.Intereſt, my Lord, which 
your Honourable Self has proſecu- 
ted and made good, under the 
Greateſt aiid Braveft Aquirgl, wi pep 
lar Renown,” And your.Goodaelſs 
being: equally -mateh'd. withiyour 
Valour and Condud, and*both: e+ 
minently conſpicuous; I crave the” 
benefit of its Influence and Favour, 
and above all, the great Honour of 
being, ok | 


al as 
My Lok», bg 
| "2 Your moſt Obedient, * 
6 ...., moſs Humble Servant, 


M. NorwooD. 


To 


The Maſter, EDS and Aſſiſtants 


OF THE 


Trinity-houſe of Deptford-Strand. 


Ooks on a ſubject of fo great benefit to the 
Publick as thisI Treat -of, may-expeCt a 
favourable Reception from ehe World ; 

| nithat very confideration,'] entertain 

not my Reader with nice and uſciels Speculations, 

but.have endeavour'd to promote arid advance a 

Science wherein the Safety, the Wealth and Glory 

- of the Engliſh Nation is ſo much concern'd. The 

Art T undertake to Teach, I am intituled unto (as 

it were) Hereditarso Fure, as being derived tome 

from my Father, who carly inſtructed me herein, 
and whoſe Abilities to-4perform it, are too well 
known to be doubted of ; and which by many years 

ERPericnce: an/Navgation, I have labonr'd to make 

perfe&, I do not onely lay down Theorems for 
the inſtitution of young Sea-men , but have en- 

deavour'd at once, both to inſtruct and demon- 

ſtrate; and thereby made Navigation more eaſe to. 

be learned, becauſe {o eafie to be underſtood. 
That I have inſcribed your Names to it, 1s for 


that you being the ableſt Maſters in-this Art, are 
the 


The Epiſtle Dedicatory. 

the moſt capable Judges;- - and if my Performance 
herein may have your Approbation, and your Al- 
lowance, give it an Imprimatur ; I ſhall be the leſs 
concern'd for the malignant Cenſures of the En- 
vious or the Ignorant, who either begrudge others 
of the juſt Commendation due totheir Induſtry, or 
elſe condemn what they do not underſtand. * 

I have in this Treatiſe added ſome things new, 
( beſides the Method Þhave explained in this part 
of the Mathematicks-); thieuſefulneſs whereof, and 
what further Improvements nay be made therein, 
you will perceiye.in the peruſal... Iamnow 
grey in the many ExperiencesT have: had it this 
Art, and:not fo capable for the toils and labours of 
Travel, and Navigation. |. 

May I, by your favourable "Work Jand/Re 
commendation, be directed into ſome ſafe and) 
Harbour, wherein 1 may ſpend'the reſidue» otmy 
days in promoting this uſeful Art, to whichI fare 
devoted a great part of ghe Studies of my' former 
life; it 1s all that have.to defire in this "World: 
and. this I the rather: dog/that,I,mdy be in a:cap 
.city toſerve my Country, and lay hold. 'on a 
aocafians to demonſſrate how much I am, | 


s I "I Te + "Tp ! 
Tour moſt bumble and obedient Servant, 
4 _ - and Younger Brother, 
._ Mart. Norwood, 


w 


The Preface. 
Ince Cuſtom ſo much prevails with moſt 'men , it may be 
expeted I ſhould ſay ſomething of this Treatiſe, and of 
my ſelf, why 1 andertook it. To the firſt, I think fit to 
grve my Reader this account : That befides the defeft of 
" ſufficient demonſtrations in the ſeveral Books already 
extant on this ſubjeft, I found many Materials, neceſſary to a 
praftical Navigator, wanting ; therefore to ſupply thoſe. defetts, 
and make the whole Art more intelligible, 1 adventured this 
Syſtem abroad. If at its firſt appearing in the Warld it\xe- 
cerve not that eſteem which ſome other Writers pretend to ; yet I 


am perſwaded, by experience "twill be found much more uſeful, ; 
pay + gx its evidence will groe- its own comes have *; 
here incerted notbing but from my-vwn Praftice. and long Expe- I 
rience, and whereon you may with Jafory, depeind 5and in all 

dificulty, I have given the moſt natural Reaſon for demanſtra- 
tion my Rule ; which 1s the chief and. onely thing that hath 
Fas, much wanting in our late Books,of Navigation. . My long 
Praftice, and Converſation with Marriners, hath diſpoſed me to 


a Stile' and Language more familiar,and beſt known ta them, &; 3 
which may render me the more. capable toinſtrutt them. BE 5. 
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_ pies; which -in't Gal Te * #byrr lvantat?. 
* s ſometimest Tick "og od: po "7 e1 ir Reputations 
ſullied, ifter they are * y i2norant or dn ck men, who 
vainly endeavour to nan themſelyes upon their _filent Graves. 
How ſtrange and anbecoming was it, in a man of Art and.Leary- 
ing, aud he but a Correttor too of Mr. Sturmies Book, to mingle (o 
much Dirt with" his 4ſhes | "What Confiterations could more 
ſtrongly incite a generous and learned man, either to have covered 
. the Indecencies of that Author, or obliged the World with a more 
accurate and compleat Body of Navigation of his own 2 I am ve- 
ry prone-to believe, thoſe who manage themſelves no better on 
ſbore,never.bad much ex perience of thejr own Books, Drafts, and 
 Kalendars at Sea." oy there are &, who bly net to tell us 
in print, of "the-general Approbatimn-their Books have obtained, 
from-men whoſe Knowledge and Experience is.not.inferigur to 
a0y Navigators in the WHOLE Fs LD:'a PFlouriſh that 
exceeds all Compariſon, and too great for my Ra without ft f 
ter evidence than that wake bare "ward. © "oy 
doubted, how anable ro Bras The Mot bends Morte. " 
* «/o r. x a Fudgg of the prattical part of Nivig gation: 1 | 
enuity of boneff Mr. Philips (a Perſon Kos ET fa ur 
ha EC OG, much: more hog who in the he claſe, Y 4 lots, 
piſtleinbis :Advaneemn ; pot doth 
ny many'of his Conch Me eg 4 An 
Approbation : whichWork; H iN "It's hi is owng 
aud.'\may perhaps proves eel £9 toro others. wider 
reater Comm nance an dCharalter.. p .: | 
" Al'T als" further acbde's;,” that [ \Fheve 


this Art more: plu Wavigatio 14V6 NE 
| $i by a tnore pn om evident” GE hag od ich 
reariey of Bxaniples, a; miy' beſt iuſtrate the truth frees every. 
| br 5 were to the un nf. the, Learuyer ; wharein Yi 
foe" mb matters g of Wh: 
ja. ere gn ng decker Entity <" as, $5. Exp oe rd 
mend EE at Hg Gunites's wer (or. Ls 
$58) jee 


ads 


ved to: Phaim anal Mercatar's Sailing, $i." And torondel this 
more. compleat, F bavs added fo. much of Square. andGube. 
Root, and Gunnery, as is necefſang jor enerebinty Navwgetor, or 
$ea-G as. 
7 hes os anion no femme. cad Liyeloiog k 
. Circles, which \ with 4h8. greate} cafe > 5. 
6 im: Trigonometry, Synare and. 
Cady rug, Ids 
portion, &e. 


It's war rneC) years fe 1 rio te ScwmanCompanin, 


while 4 was 
5 : oben ation" "ond -baclue 


my tender ye Fo ears I was ies of a more quiet 
loyment, but the knowledge I ada (by my Father's inſtru. 

Fry in \arke Mathemerichayand the natural delight 7 took in Na- 
wvigation, enga aged me in that way of 1 Livelihood;. and before 1 was 
twenty years old, became Maſter of a very good Ship, wherein 1 


continued until commanded to go Maſters Mate of the Sa- 
phire, where / years in the Service againſt the Turks ; 
that War being over, I had the Command of a Merchant-man 

ſome time, until 1 f the 1 pre Dutch War; when I ac-- 


cepted 'a Commiſſion Majefy, wb a Lieutenants 


place in the York _ py I Capt. Swanly ; 
and from thence I was removed to th oma A rize of forty 
four Guns. In the Command an of War, 7 continued for 
ſome time ; and So 


afterwards | 

being wach importun'd by ſome Gentlemen, Merchants 6 
don, 7 was pecſwaded by them to undertake difficult an 
dous Voyages : wherein, as it pleaſed God to bleſs me with great 
ſucceſs, to the more than ordinary advantage of pi Eniplayers, "DI 
( having þ o/ arr two Voyages, both in eight mont there. 
in returned with twenty four Whales, which ſold for 5 58961. ) $- EN 
fo difo in theſe Vndertakings , I have bad the Oportiunities "5. SES 
making very aſeful Obſervations, to my great advantage, autlewe Fo 
Perience in the pratlical part of + wa $+: 
1 ſa] 


The PREFACE. 2s. 
This was an Adventure to the Weſt Toe for Fiſh, "herehw''# 
faw no Land until my return. And'in this dangerous Servite, I 
was the firſt Engliſh-man, that ever made the Attempt. 

I thought it not amiſs to give this account of my ſelf : And 
therefore if any follow the Garb of the invidious Critick, to cex- 
ſure this Digreſton, and call it by an ugly hard name, Of that be 
all) Ill forgrve them, knowing I am not without faults : for 

doubt not, but herein will be ſome ſmall Omiſſions, that may 
»ot direfly relate to this Subjet : and for ſuch I ſhall beg no 
Excuſe ; he for what's well or ill done herein, 1 willingly ſubmit 
it to any fair and competent Fudge , wiſhing a Bleſſing upon-all 
oxr honeſt Undertakings, is the uufeigned defire of 19) v 
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(Og Geometrical Principle. 


| PROBE. 1. \ 
How to raiſe a Perpendicular from the middle of a Line gtuty, 


Perpendicular is-a Line drawn (o diteQly from another 
Line, that it neither leans or inclines one way or other, 
but is upright 3 ſo that where ic toucheth the other, it 

= takes two Right Angles ( as at O) namely, EOB - 

equal to EO A.. It is raiſed thus : Fix one foot of your C ac 

o cither end of the given Line asat A and B, and with the other,cxtended to 

above half the length of the ſame Line, deſcribe an Arch over the middle 
of it, as C C, then carry that diftance to the other end of the given Line, 
and croſs that with another DD,interſ in E 3 from the place of their 
interſe&ion or cutting one another, draw the Line OE to the middle of 
the given Line, and it will be a tre Perpendicular. - 


5 F ig. I. 


PROBL. II. 
Todivide a Line into two equal parts by a Perpendicular. 


: | Et the given Line be AB, and let it be required to divide i 
Fig. ILT- 3-7]. pon pmony we ietlar + Onlo.ahs Com- 
_ Paſſestoany comrenent ile above hall te lng of the given Line, 


T Of G EOMETRY. 
as here from A to E, and D, and with that diſtance, fixing the Compaſſes 
at any end of the Linc, as at A deſcribe the Arches D and E above and 
below 3 then carry the ſame diſtance to the other end of the given Line B, 
and croſs thoſe Arches by the Arches C and F ; and from the points of 
their interſe&ion O and O, draw the Line O Qand it will cut the Line in 

the middlc in S, and is a Perpendicular. 


To raiſe a Perpendicular from the end of a Line give. 


, *He Line given is AB: Now it is required to raiſe 
Fig. IN | *pendicular from the end of that Line ( let itbe from BY 


the given Line at B, and it is a Perpendicular. _ 


PROBL. IV. 
To perform the ſame another way. 


" Fig. IV.T" often falls out, that a Perpendics/ar is to be raiſed fo near 
the edge of a Board or other thing, that there may not be 
b-\ room to raiſe it the way before-mentioned, and therefore *tis- requilit® to 
| know ſome other way. Let AB be the given Line, from the end of 
which 1 would-raiſe a Perpendicylar : Open your Compaſſes to any con- 
venient diſtance, and from the end of the Line, as at B, deſcribe the Arch 
CD; then from C ſet your Compaſſes ( with that diſtance ) to D, and 
deſcribe the Arch EF G ;- and ſet the ſame diſtance from C three times 
upon that Arch, at EFG, and from G draw the Linc G'B, and it is a 

| Perpendicular from the end of the given Lioe, | 


PROBL. V. 
Zo let fall a Perpendicular from a Point above, to a Line given. 


HEE pi, A DmitT would let fall a Papeadicular from the Point O, to 
CS 'y Fig V A the Linc AB 3 from the affigned Poirt-O, draw a Line at 


£3.) 


Of GEOMETRT. 8 - ,3 


per: to the given Line, ſo as it may he acute or inclining, not 'near a 
erpendicular, as the Line OA is3 that Line divide into two equal parts, 
asatR, and upon R ( asa Center ) deſcribe the Arch QN, and where 
it cuts the given Line ( which ifatN, ) let fall the Line .ON, and it is 
a Perpendicular to the given Line, which was required. 


PROBL, VI. 
To'draw a Line parallel to a Line geven. | 
Fig. VLJ Fith Loewnp be AB 


Line that runs ſo direQly as a 
contin G3 *: finitely 4 


_ 


| the iven ,asatO, 


ke rs 
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fon Live 


PAOBE, VII. | 
To draw a Line parallel to a Line given,from any Paint raſſigned,over 
the given Line. | 


; THe Line given is A, the Point afligned is ©: Take the 
| Fig. VO I neareſt Jifance from © to the on Line, : {weeping it, 
and carry it towards the other end of the given Line, and deſcribe an 
Arch CC, then draw a Line by the top of that Arch, from the Point af- 
ſigned, and it ſhall be a parallel Line to the given-Line A, as was defired. 


PAOBL., VIIL 


To draw a Line parallel to a Line given,from any Point afſigned,not 
» over the Line. 


Fio. VIIL FT Ec the Line given be AB, the Point affigned ©, and 1 

S \$ would draw a Line from thence, hn yet eg 
Line A-B, Take the diſtance from the end of the given Lineat A, to the 
aligned Point ©, and carry it to = other end of the given Line, «b 


4 Of GEOMETRY. 


and deſcribe an Arch CC then take the length of the given Line A B,and 
ſet one foot of your Compaſſes in ©, and with the other croſs that Arch 
CC, and by the point of their interſeRion at S, draw a Line from the 
given Point,as O'S, and that Line ſhall be parallel to the given Line AB, 


PROBL, IX. 
To make an Angle equal to an Angle gives. 


Fig IX. AN, Aw 


paſſes opened to any convenient d ) the ArcchBC 3 your 
Compaſſes open to the ſame diſtance, ſet one foot of them in the Point D, 
and with the other deſcribe the Arch EF; then with your Compaſſes 
take the diſtance between Band C, and ſet the fame upon the other Arch 
from E to F, and draw the Line D F : So (hall. the Angle at D be equat to 
the Angle at'A, which was required. : : 


PROBL, %. 


Three Right I:ines Being given ( of which the two ſhorter togetber 
muſt be longer than > longeſt) to make a Triangle whoſe ſides 
ſhall be equal to thoſe three grven Right Lines. _ 


Fig. X, & the three Lines given be C, D, and E. Firſt, take the 
Line C in your-Compaſſes, and make the Line F G'equal 
thereunto. - Secondly, Take the Line D in your Compaſſes, and Tet 
one foot iti G, with. the other deſcribe the Arch H H. Thirdly,” Take the 
Line E in your Compaſſes, and ſetting one foot in F, with the other de- 
ſcribe the Arch $'S, croſſing the former Arch in K. Laſtly, Draw the 
Lines GK and F K, and they ſhall conſtitute the Triangle G K F, whiole 
hides are equal to the three given Lines, as was required, | 


Ca 


PROBL, 


OF GEOMETRY. 


PROBL. XI. 


Hap to make a Geometrical Square, whoſe four fides ſhall be equal 


70 a given Right Line. 


A Geametrical.$ is a Figure whoſe four ſides are all equal, and whoſe 
Angles are all Right Angles. q 


Fig. XL [.- the given :Line be oh jpeg 


_ d- $1.2 
PR 1 


make the Line T 


(by the third or fourth Problembetore 
qual alſo to the given Line'$5 then ſet on 
and with ather defy Arch Pt 7 


the the Arch RR, crofling t 
draw the Lines VK.and X K,- and you 
_ Square Whoſe. ſides ſhall be equal to the. given Lins.'S, as was re- 


- PKOBL, XI. 
To fnd the Ocnter of a Triangle, or of any three Pricks given, pro- 
ery they mega fregbe real 37 "IP 


YNTI. A Ny three Points which lie not in a ſtreight Line, they will 
Fig.XII A be .of a Triangle {ang the three 
——_—_— be ABC. Forthedoing this, divide any two of the ſides 
of the Triangle into two: equal parts, by two Perpendiculars, as you arc 
taught in the ſecond Problem before-going 3 and where them. perpendicu- 
lar Lines interſe&t one another,. there is the Center of the. Triangle, as þ. 
here the Perpendicular Line dividing CB. is D D, and that dividing : 
the fide AGisEE : . Now: theſe interſe&t-ecach” other in O , which 
is tie Center required, The like is to be-underfiood in finding the 
Center of a Circle: the three corners of the Triangle may be three pricks 
tn the Circle, and then proceed as here you have done.” But by. this you. - 
may ſee, that. a Line that goeth' from one fide of a .Circle to-the other. 
( drawn at pleaſure ) if. that Line be. divided-into two equal parts by a - 
Perpendicular, the perpendicular.Line will go through the Center, and 
therefore *ris but continuing it out from one ſide of the Circle to the other, 
and the half of that Line which: is ſo contained, is the ſemi-diameter of - 
the Circle, as half L Lis from'O the Center, | 

| PROBL. 


Of GEOMETRT 


Ko” PRoBL.XTIT. 

Pingims within « Circle being gives, how to find the Conteruf 

& Arch of a Great Circle, which ſhall paſs through thoſe two 
gzven Points. 


10, 7 Great Circle apon the Sphere, is ſuch a Circle as Jivideth 
Fig XII A the Sphere into two es z and fo, the Arch of s 


Great Circle bor hong Flats is _ an Arch - divideth the clr- 
cumference primitive Circle given, into two equal parts.” - 
To-perform this. Let GBHD be the Primitive Circle, whole center is 
.C, and-ler the two given Points' within the ſame, be Xand Y. Figſt, 
through one of the given Points ( as X) andthe center ofche-Circle G, 
draw the Line X C; — towards F ; Upon this Line for the - 
center C,' exe the-Perpe r CB, and\ draw the Line BX, cutcing 
the given Circle-in G, t Point G and the center, draw the 
Line GC H: Then,through the Points B and H draw a Line,cxtendingic 
till it cut the Line X F in R; {o you have found a third Pointnamely R, 
through which the Arch of the Great Circle muſt paſs : And now, having 
three Points, X, Y and R, you may through them ( by the laſt Problem ) 
draw the Arch of a Circle, namely the AXY LK, whoſe center will 
be at K, and whoſe Arch will divide the Primitive Circle given, into two 
equa] parts, in the Points A and L, 


Theſe two laft Problems are of fingular uſe in Projeding of the Sphere in 
Plain by Circular Lines, and in meaſuring of the Sides and | 
Spherical Triangles upon that Projeftjon:* Of which in this Treatiſe we 
ſhall hereafter treat in due place. As alſo in Great Citele Sailing, and 
Problems in Geograpby and Aftronomy. 


The End of the Geometrical Problems. 
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 # Of the Mariners Sea-Gompuſs: 


” "YR 


CHAP.I L 
Of the Projection of the Mariners Sta-Coltpals 
Fig. I. yr ng. conſiſts of thirty two Points, and fo is no- 


ing elſe but a Circle divided" into. thigty two. c<qual 
= Now for the doing of it, upon one center de- 
ribe thiee Glades ae you (ce inthe Figure tollowing 3, that done, draw 2 ; 
Line through the center, and it divides them all into two Saga! parts Or 
Hemeſpheres ; then divide that into- two equal parts by 2 Fepoaioals, 
( from the outer Circle ) *nd & the Circles tre a din into four equa 
parts, by the Lines W E and SN, which Lines A pounds the Poles 
of North, South, Eaſt, and Weſt ; this done, Ae 6 four, - each into 
two parts, and draw (from the centex) divil . the outer 
Citde to the inner Circle af all, then is'the whole / ivided-into- 
cight parts. ; 
Then divide thoſe into two equal parts, py draw the Ps fromthe. - 
rriogns mate tion Hs TEL aid ſuc: : 
ro 1nake £ 2 nt, 2 th 
The reſt of the Points will be ( every other ),a whole point 3 and ud your- 


Compaſs now-is in fixteen 5 
Laſtly, divide theſe into ewo equal pats, and raw che from hl cut-- > +8 
ward Circle to the innermoſt of the greateſt Girdles 3 and. thus you have - _ 
your Compaſs divided into thirty-two Points: ill divide the parts - © - 3 
again, it takes the half points, and js-dzxaymrto-the third Gircle 3 that di- - 


vided, makes the quarters, draw them tothe ſecond ria our Come * 
Re GO ETIEENEEY | : 


- © 


CHAP. LIL... 119! » 
The Projection of the Matiners Plain Scale. | 


F; WH. rhe bone e thus: Deſcribe, a, Semicirele ypon th 
'S 2 forrhe and divide it, in$0-vv79 qual. parts by THE: * 
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CO that done, divide one of them Quadrants into 90 degrees,and th 
other into eight points of the Compals 3 that to be divided into 90 on, 


mult be firſt divided into three equal parts, and every one of them into © 


three cqual parts, ( that is ningin all ) and draw them to the third Cir- 
cle inward, which will reprefent*9o deg. and ſo muſt be every one of them 
divided into ten equal-parts 3 but *tis beſt te divide them into two 


-firſt for the fifths, and prick them, and then into five each, inalt 90, 
- That tobe divided into points of the Compaſs, is done as the Marines 


Compals is: Now having a Scale of Wood before you as the 
Lines on the Scale'on the Figure ) take off B10 and ſet it fm upon 
the Scale, then take-off B 20.and fetit'from R,/and fo along till you come 
to 90 degrees; then take off every fifth degree in like manner, and divide 
them fifths, as you ſee in the Scale, fo that every of the great diviſions 
contain ten of them: * ſo likewiſe take. off the-points of the | 
divide tHfem into halves and . Now this is called 
Chords, becauſe *tis taken like the firing of a Bow-or Arch, 
String or Ghord of 60 deg. and (oof the points AF, is the Chord of '5 
points 3 and fo of thereft, BS is the tangent of che Arch BR; -. -- 
The ſigne of any Arch is a Line {ct down from the place appointed Tn 
the Quadrent or Arch, to the Line that goeth through the Center perpen- 
dicularly, as DE is the ſigne-of 66 deg, andid is taken oft ſweeping that 
Line. | * After thitt manner take off 19, and then 20, and ſo-to-90 deg- 


and fee them uporyour Sale, dividing chew as gr x5 you cam incoten 


parts, and that'wiltbe@Line of Sines.-* - | © | | 

© There fhould be a Scale of equal parts; but that's what you will: eom- 
movly 6 of them are equal 't»-60 degrees of the Line of Chords, and 
ſogo forwards with them-the whole length of the Scale, onely the firſt e- 
qual part you mmuftgl + he parts,” that ſo when the greater 
parts be' counted tet; the Raney be: C each) '6ne 3 or if the great- 
ones be one hundred'(tach) the Final ones wil be+(cach) ten 3 or it the 
great ones be one, the little ones will'be (each) 'one tenth of 'a Unite: 
You may figure the great diviſions 10, 20, and fo along as far as they 
" bs Gailing by Mercator's (or the true Sea) Chart, it were neceſſary that 
you have a Scale which will **Yy you how many Miles will inake a degree 
of Longitrde in any Latitude ;* and-there is a called a Line of Longi- 


txdes, which is commonly got; wm Mariners Plain Scales 4 The manner _ 
inc from 


how to proje& the ſame is Scherhe Flg, 1L.is thus: 
Divide the ſemi-djameter of the Circle C O into fix equal parts in the 


points G HTK and 1; and through thaſe poines draw ye wy" + | 


© the” Diametet OB, 3 OM/HN;.1O;/WR7L P3' this done, take ich 
| y 


the Line. of 
the 
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'0f the Mariners Plain Scale: HS 
yooar Compaſſes the diſtances from C, to the reſpeive youe M,N, O, 
R,P, and ſet thoſe diſtances upon the Line of Longitude on your Scale: 
from Q to 10, 20, 30, 40, and-50, dividing that Line into fix un- 
equal parts, which muſt be ( cach of them ) ſub-divided into ten 0» 
ther unequal parts, by dividing the ſpaces between O and G, G and 
H, e&c. each into ten equal parts, and drawing Parallels through them,* 
and transfering them from the limb of the'Quadrant CRE. as you 
did the others. This Scale is of good uſe in keeping of a Reckoning, 
according to Mereator*s Sailing, in which the uſe of it ſhall be taught. 

And to make this Mariners Plain Scale the more compleat ( al- 
though Mr. Collins feers to have new plained this Plain Scale long 
ſince, in his Book ſo called ) I would have added unto it the Secants 
and Tangents continued as far as the Ruler will permit : alſo two Lines' 
of equal parts, of the ſame Radins with the Scales of Chords, Sines, and 
Tangents. All which additional Scales being of ſingular uſe in Navi- 
getion, in making of Sex-Charts both plain, and according to Mercator 3 
as alſd in projefting of the Sphere, Great Circle Sailing, and reſolving of 
Geographical Md Aſtronomical Problems, uſeful in Navigation; Examples 
of all which, ſhall be given in the following Treatifs, I have there- 
fore in Fig, III. diſpoſed the Lines upon the Ruler according to the 
beſt artifice that at preſent I could think upon. 


= 
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CHAP. IV. 
To Proje& the Sphere for 5x deg. 30 min. of North 
Latitude, the Sun having North Declination 8; 
deg. oo min. | rflhun2f8 


\ Ou are to take notice, that the Lines upon a Plain Scale are 


taken from a Circle, and reduced to ſireight Lines, as was 

taught in the third Chapter : therefore it may be taken from 
a ſtreight Line, and ſet upon a Circle of the ſame ſemi-diameter. 
Now the ſemi-diameter of the Circle that makes any Scale, is juſt 
60 deg, of the ſame Circle ; fo that you can never be at a loſs, for - 
the Circle that made the Scale, any thing taken from the Scale, may 
be applicd to the Circle, or the contrary, | 


0 Now 


x0 Of Projefiing the Spbere in Plaie. 


: Now to Proje& this Sphere, take 60 deg. from the Line 
Fig. F. of Chords, and upon the point O, as a Center, deſcribe the 

Circle AEG K, which Circle repreſents the Meridien of 
the place, or- that Circle that riſeth from the Noth point of the Ho- 
rizon at E, and goeth through the Zenith at G, to the. South point of 
the ſame Horizon at E. Divide this Circle into four equal parts, by 
the Lines AE, and G K, then AE repreſent the Horizon 3 E the North 
point thereof, A the South point, G the Zenith right over us, O the 
Eaſt and Weſt points of the Horizon, K the Nagir right under us z the 
Line G K is a great Cixcle that cuts the Horizon in the points of Eaſt 
and Weſt, and is called the Eaſt and Weſt Azimuth, becauſe it comes 
through the Zenith and Nadir : S L xepreſents the Axis of the World, 
or the Axis that the Workd turns upon; L the North Fole, S the South 
Pole ; E $ is the height of the North Pole above the Horizon, called 
the Poles Elevation, SA the depreflion of the South Pole under the 
Horizon 3 A I is the EquineGial.and is always below the Zenith,as much 
as the Eatitude is, and ſois.called the Letizxde, for when you are une. 
ger it, you are in no Latitude 3 F D is the Tropick of Canter; BR is 
calle&che Fropick, of Capricorn : Theſe Lines axe cach 23 deg. 30 min. 
diſtant from the EquineQia! z one to the Northwards, the other to the 
Southwards of it, and repreſent the outmoſt bounds of the Suns Decl+- 
ation Northcrly or Southerly, the Suns motion being always between 


- them, carried about in the Ecliptick-line R D : the Artick Circle is LL, 


and is 23 deg. 30 min. from the North Pole ; NN is the Antartick Cire 
cle, as far from.the Soxth Pole, and the ſpaces between them and the 


Poles, are called the Frozen Zones > and the ſpaces between them and 


the Tropicks, are called the Temperate Zones and the ſpaces between the 
Tropicky are the Torrid os Barning Zaner. This tay ſuffice for 2 defcri- 
Ption of the Imaginary Circles in the z all Lines that gothrough 
the Center, repreſcnt Great Circles, fuch as divides the Sphere intotwo 
equal Hemiſpheres, Theſe things we -now-come to the rc- 
Glving of ſome Aftronomical Problems by the Projeian. 


—_— — ——_—_— —__—— tHe. 
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CHAP.V. 


Anno 1687. Latitude Northerly 50 deg. Declinati- 
on Northerly 1 7 deg. 4.7 min. being the 23th of Ju- 


ly, I demand as followeth. 
degs. min. 
I. Meridian-Altitude of the Sun $7. 47 
2, Suns beighth at 6 of the Clock I3 32 
The Suns Azimuth at 6 of the Clock 14 13 


3+ 

4+ The Suns hrighth pe duc Eaft oy 2$ 22 
5 The Ne LR Eli rep wy 4e7 pay 2-54 
6, int 18:1ck \$ 10 49 59 
7. The Suns ond Aſcenſion 46 29 


ho. min. ſec. 

8. The difference of 4ſcenſia OL 29 52 
9. The ticme'of the Sims Riſing 04 30 ©$ 
10. The time of the Suns Setting O07. 29 52 
17. The teagth of the Day 14 39 44 
12, The lengeb of the rn. O09 ©0 16 
13. The time of Day 02 42 ©9 
14. The timeof Ti ee . os 1$ ©9 
15. The continzence of o: 43 oa 
16, The time of the Suns aq due Eff 07 29 52 
17. The time of his being due Weſt o4 30 08 


- Lens ode rſs. eff Day and Night in that Lat. 16 10 oo 
The tengeb ofthe Shurref Payand Nighe in thac Lat O07 $5o O09 


PrOB, |. 
To fad the Meridian- Altitude of the Sun. 


— — is his heighth that day 
Fig. i 'T when he is upon che Meridian, or over thc South point 


of the Compats which to rprſtes by.A'D. Fe your Geopels in 


- 


12  Aftronomical: Problems 


A, and extend the other point to D, ( the place where the Suns paral-- 
lcl of Declination cuts the Meridian; ) and that diſtance apply to your 
Scale of Chords, and what number of degrees it falls upon the Scale, 
ſo high above the South point of the Horizon is the Sun that day at 
noon ; *Tis here 57 deg. 47 min. 


PROB. IT. 
To find the Suns Heighth at 6 of the Clock. 


WW flere the Suns parallel of Declination cuts the Axis of the World; 
V" - there is the Sun at 6 of the Clock 3 therefore QT is the di- 
ſtance that the Sun is from the Horizon at that time: Take it off from 
Q, ſweeping the Horizon AH at T.and ſet it upon your Line of Sinez, 
and ſo many degrees as-it is there, ſo much.is the Suns heighth at 6. 
of the Clock'; I tind it here'to be 13 deg. 32 min, The reaſon that [ 
did not apply it to the Line of Chords, is, becauſe 'tis a diſtance taken 
from @treight Line; and ſo a Sine, as you may ſee by the ProjeQion, 
of the Plain Scale, | 


PROB.]IIT. | 
Zo find the Suns Azimuth at 6 of the Clock. 


He Suns Azimuth at 6-of the Clock, is his neareſt diſtance from - 

the Ealt and Weſt Azimuth, and is taken from'Q.to W, ſweepe 

ing that Line: apply it to your Line of- Sines, and ſo many: degrees 

and minutes-as it is,ſo much is the Sun from the Eaft point. of the. Cogse 
peſt at- 6 of: the Clock. It is here 14 deg. 13 minevunnunitess 2, 1 

b '2 2073 Cc Ao 2T 1 


\ PRAoOB: IV. SMU Sth 6. 
* - To find the Sans. Amplitude of Rifing and: Setting, 


T2 Suns Amplitude of riſing and ſetting, is the number of degrees 
TL and minutes that the Sun rifeth from the Eft, or ſets from the. 
Wt point of the Horizon, and is of great uſe at Sea, to find the Varia- 
tion of the Compaſi ( for *tis the trfie Amplitude, ) Now to know it, 
hx one foot of your-Compaſſes in the Horizon, at-the place where tha 
' Sun riſeth- (which is at Þ) and extend the other point to the Eaft 
point. of: the Horizon, (which. is at: the center- of. the Sphexe, as the 
n & ad point. 


performed by the Plaine Scale. 1:3 
point T'and 2 ) and apply it to your Lines of Siner, and it gives 


your deſire. It is here in! this caſe 28 deg, 24 min, and it is ſo much 
to the Northwards.of the Eaſt, becauſe the Sun hath North Declina- 


tion. 


PROB, V. 
To find the Suns Heighth, being due Eaſt or Welt. 


T2 San is over the Eaſt point of the Compaſs, when his parallel of 
Declination cuts-the Eaſtand Weſt Azimwth ( as you may ſee in 


the Scheme) at G. Fix your-Compaſlſes at G, and open them to the 
center of the Sphere, ard that diſtance apply to your Line of-Sines, and' 


it gives your delire. *Tis here 28 deg. 22 min. 


PRoOB. VI 
To find the Suns place in the Ecliptick. 


* 


T2 Suns place in the Ecliptick,, is his neareſt diſtance from the place 


in the Ecliptick, that his parallel of Declination cuts it, to the - 
next or neareſt Equinodial point, which is S Y: : Take that diſtanee 
off, and apply it to your Line of Sines, and it gives your defire. It.is 
here 46 deg. 29 min. from the next or neareſt Fquinodtial point. 

But if you have.a mind to meaſuriſtheſe fireight Lines by your Line 
of Chords, you may reduce your diſtances ſo taken,into a Chord, thus: 
Take your diſtance, and from a place on the circumference of the Sphere, 
{weep ſome Lines-that.goeth through the. Center, as here from X- the 
Line X R ſweeps the Horizon, and is a Perpendicular-let fall to R up- 
on it: Now X.R is the Sine of-the Arch, of which X A is the'/Chord 
of the ſame; {o-that if you take X A off, and apply it to your Line of 
Chords, it gives the ſame thing. And thus you may reduce a Sine into 
a Chord, or the Contrary ; but for the Suns place, I refer you to Fig, IV. . 


and for his Right Aſcenſion allo. . 


Aftrononiical Problems 
PrRoB. VIE . 
To find the difference of Aſcenſion. 


Note, That 15 degrees is one hour in tive, 15 minutes of a degree ir one 
minute of time; ſo that one degree is 4 minutes of time. 


T2 difference of Aſcenſion is the time between the Suns riſing and 
6 of the Clock, or how long the Sun riſcth before ar-after & of 
the Clock 3 in this caſe he riſeth 


fixing your in the Center of che Sphere, with tha diſtance 
deſcribe an Arch ( from ſome Line that goeth through the Center ) 
as the Arch 2 2 3 then take off the difference of "_ 
app!y ic as a Size to that Arch, from ſome place it it, that 
{weep the Line that ap through the Center, as 
then lay your Scale by the Center of the 


, Line 3 4 Now *tis that the Arch 3 2 
the Crotut the Arch & A is upon 
taken off and a to your Line of 


as here *tis the parallel of the Suns Declination, (.which is Q.D) and 
P 
i 


he b4 4 . 
The way to convert your degrees into time, is to multiply 
and. that brings them into mimurtcs of time 3 and if the number 
nutes of time exceed 60, divide your minutes by 6©, and the 
will be hours, the remainder of the diviſion will be minwtes 3 if there be 
above 15 min. of a degree(belides the even degrees)adde it to your time 
for 1 min. if 30, for 2 min. of time,&c, | 


PROB, 


» 


performed by the Plain Stake. 16 


PAoB. VIELIX. 
To find the Time of Plc Sines Riftag, and the length of the day\ 


Aving found the difference of 4ſcenfion,as before,look in theScheme, 
H and conſider whether ir be before or after 6 of the Clock that the 
Sun riſeth at that time 3 I fee in this Example it is before 6, fo that- 
then I conclude the Foxenoon is longer than 6 hours, by all this diffe- 
rence of Aſtenſion : therefore adde it to 6 hours, and it gives the 


fion from 6 hours, and it gives the time of the Suns riling, which in- 
this is at 4 bo. 30 min. © ſec. 

if you adde the ſame differexce of Aſcenſion to 6 hours, it 
| anatagy the Suns ſetting ( which is this Example is at 7 ba 
29 min. 52 ſee. 

If =o, would find the | of the night, ſubſtraQ the length of the: 
day from 24 hours, and it leaves the length of the night 3. which in- 
this Examplc is 9 ho. 00 min. x6 ſee. + | 


PAROB.X | . 
To find the time of the Suns being duc Eaſt or Welt. 


TY 7 Here the Suns parallc} of Declination cuts the Eaſt and Welt & 
zinwth, there the Sun is when he is-over the Eaſt point of the 
Compaſs: Then from 6 of the Clock to that place which is ſo cut by: 
the Suns .of Declination ( which s Q.G )} take off and cxtend- 
it tothe of your Circle the Scale was. made by ( as you did the 
difference of Aſcenſion) and- the number of and minutes con» 
vert into-time, and adde it to 6 hours, and it makes the time of the 
Suns being due Eaſt that day. 1 ou ſ{ce the-neaton why it muſt 
be added : it's becauſe *tis after 6 ( its over that point) I find it 
to be.in the Example 22 deg. 30 win. after 6 of the Clock, that is, at 
7 a Clock 30s. Now for the time of the Suns being over the Welt: 
wg - mary ny gg wes x acersr-.r > af 
noon, and therefore ſubſtrac it 6 hours, and you-have your defare.. 
—_ 30 min. ? , | 


, PROB.. 


PROB, XI. 


To find the. length of thF longeſt Day inthat Batitude; or foortelt 
js or longeſt Night, or ſporteſt Night. "F 


16 : 


N any North Latitude,” the Suns'parallel of Declination 'muſt be the 
] Tropick, of Cancer, to make the longelt day.” 'Now the” difference of 
Aſcenſion that day is @ Þz take it and ſet it off after the manner 1 did 
before, uſing,the Tropick as I did+the parallel of the Suns Dedlination, 
and extend it to the Circle of the Scale, and fo many degtees-and mi- 
nutes is the difference of Aſcenſion that day z it is 30 deg. 20min. which 
converted into time, is 2 bo. 50 min. and that added'to 6-hours, gives 
thelength of the forenoon 3* which doubled, is the length of the lon» 
gelt day in that Latitudez equal to which, is the longett night: again, 
that ſubſtraQed from 24 hours, leaves the/length of-the ſhorteſt night, 
which is equal to the ſhorteſt day. . 


PROB. XII. | 
To 4 the time of Day-breaking, and the time of Twilight 
ending. 


T7 is the Opinion of. all. Aftronamers, that the day breaks when the 
& Sun is 18 degrees under the Horizon : therefore take r$- degrees 
from the Line of Chords, and under the Horizon ſet it off, and draw a 
Line parallel to the Horizon ( as the Line $ 83) next, ſee where the / 
parallel of the Suns Declination cuts the parallel of 18 degrees, and _ 
meaſure from thence to:6: of the Clock, and convert 'the and-- 
minutes into time, and ſubſttatt'it-from 6 ot'the Clock, and'itgives 
you the time of day-breaking, It's here '2 ho. '42 min. #514 01 

If you would find the time of Twi-light ending, adde the fame to 
6 hours, and it gives the time of Twi-light ending 3 which is 9 bo. ' 
15 min. in the evening. | 


; PROB. XIIT . 
To find the continuance of Twi-light, 


T2 18 deg, Q ( the time between the Suns giving 
a Clock ) and convert it into time ; and from that, 


and 6 
ſab- 
ſtrat 


"I. Y 
vhs ® 4 Tay, * 


firat Þ he difference 
nuance of FTowi-iht ; 


"7 4. : 
g& 


CEOETICL Þ x0. the ak. -* 
Eons CT ---2 £ cond 


'P. a oB.-XIV. | Y 
To divide the Ecliptick into Signes,by the Ling of Sines: 


Ne That there be 12 Signes, and they divide the Ecli Line, 
ox Circle, into 12 cqual | parts. Now becauſe the Ecliptick is 

60 degrees, therefore 30 degrees is contained in cach 
20 inks 360.) ' The CharaQters of the Signes arc 


jone, ( 12 times 


following. 
Arigs, Tanurus. Geminy, Cancer, (Leo. Virgo, | 
Yr vo Wc ns i. Q, 


ibrs. Scorpio. Sagi ius. C rcornns., Aquarits, Piſcete :. 
Sg: Poſe” ug OO. OP". 1ohe 


In Narth Latitude 50.deg, 00 min. Declination. Northerly' - 
k7:.deg. 47 min, 


oF. $1 Gid before;there be TG Signe, take 2 
ws ne) '% off from your - of Chis, (ifyou "A 


it from the 
: jr ring to V, 
AL vY on is: 
| Foe. thus : 

, the firſt three; and-back from S'to on Ws: 


LINE and thus the Eclipt ick & divided foro ; 


twelve parts, or For though a pin ps doth not de- 
monſtrate the Liner be Cds, YI 


- al Lines dn Lach orprad 
or you know wn 6 CRARAY x 
bXaguin he hi Oe Cancelled he 


= —_ 7" p- Das 46 
%. . v p p ' : _ *; - 
d - F , - % 
a 4 _ 
" 
283 p 
- 
* 
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PxOB. XV. 
Latitude 50 deg. oo min. Northerly, "Declination _—_— 


47 deg. 47 min. 7 demand the Suns place in the Ecliptic 
and his Right Aſcenſion the 23th of July 1687. 


Fig. IV. T He Suns place in the Ecliptick '( as I faid before ) is 
his nearett diſtance from the next EquinoQtial point 
in the + -Ecliptick Line, ( or to the neareſt place where the EquinoRial 
and the Ecli interſe& one another ) which is at from B ( the 
lace in the Ecliptick 3 ) ſo then take Y B off, and apply it to your 
Line of Sinez, or ( if you have no Line of Sines ) extend it to a Chord, 
and apply it to your Line of Chords. - 
The Suns Right Aſcenſion is Y C, equal to B Dy but to meaſire 


D-B, take half the. length of the Line R O, which is DO, and de- - 


ſcribe the Arch LP, and take DB and ſet it a Sine upon the Arch LP, 
and it meaſures to L, ( the Sine F L.) - Lay your Scale from the center 
of your Circle to L, and draw the Line LN to the edge of the cirxcum- 
ference; that done, take N K, and apply it to the Line 6 CIS 
as many degrees and minutes as it is, ſo many degrees and minutes 
.the Suns Right Aſcenſion that day : and thus you may cry 
Circle to the Circle your Scale is made. by, or the contrary 
is the ſame quantity _upon the little Circle; that N K is 
ter. . I hind the Suns place here tobe 49 deg, 59 min. 
..is the number-of degrees 'and minutes that come foe Aru the Me 

ridian, which the'Sun or Star, as here Y" C, were ye ting DI 
and the Arch or Meridian BC, would come tO the Meridlan at 
the ſame time. 


PAo0B.XV1.- 


November 10. 1687. 'in North 7 Serb + 50 deg. 00 min. De- 
clination Soutberly 1 7 deg, 47 min.7 demand, as followeth. 


deg. min: 
He M:ridian-Altitnede. of the Sun 22 30 


The Suns Amplitude of rifing and ſetting 28 © 24 
s The Suns beighth at 6 of the Glock _ not up by 46 
4+ The Suns beighth, being due Exſt.or IWeft not up by CY 
5. The Suns Aon at ©'6 of the Clock 44 13 
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* 


"oo 
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6. The 


3 lh 8&2._A. bound. boot fag mm 
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'6. The Sa place in the Feliprick,, is in 28 dg. 59 min, 


i 48. 59- 

7. The Suns Right Aſcenſion 46 29 
he... min.” 

8, The difference of Aſcenſion OI - .3O 
9. The time of the Suns riſing. 07 30: 

10, The time of the Suns ſetting 04 30, 

x, The length of the day | O9 - 00. 

2, The length of the night 15 00 
ws The time of the Suns being due Eft 04. 3I-i4- 
- OR COTng Gn Fs d 07, 29.8 - 

c time of day breaking 05 42: 

1s time of Twi- bt ending 06 18. 

7. The continuance of Twi-light o1...48. 


is: "The length of the longeſt doy.or night in that Lat. 16...10 
19+ The length of he flor day or night in that Lat. 07 50. 


F, of theſ I project a $ 
for Ls: Ce fo kin? goto Fig: V. 


to the ſouth NE are Rog rot tothe Propolal ) and 
iis OO by R ©; and fo proceed to meaſure al thoſe things - 


Fi, For the Midion-Atin of the Sun, it is A O 3 take-it off; 


L, I find as bees 22. 30 min, 


wy jm Ale take ie 
SEE T fag 0d it's. 
if 24 min. . and mach the Ka rj oth ſaabwars of of the 


- Fre Sans rod at 6 of the Clock, look and find where: the - 
of Declination. cuts the Axis of the World, and; there is. 
TE Lars * 5 pufhreen 


a nh is at C, when . 


Suns paralle 


3s Shuts. & F nfl + _ "s : wm u » = i oye ha 
: \ - ; and” OLIN $i 
| $ 7 . Ry 7 Fa + x 


The Suns Right Aſcenſion is 6 F, equal to SY, and is taken off, as 1 
have fhewed inthe Example before 3/ and find it 46 dep. 29 min. : 
The Jifference of Aſcenſion is 6 L, and is taken off, as in the Exalaple 
done before of this nature : It is here 1 bo, 30min, 0 
The time of the Suns riſing is after 6 of the Clock the whole diffe- 
rence of Aſcenſion, ſo that being added to 6 hours, makes the time of the 
Suns riſing: It's 7 bo. 30 min. | 
For the time of the Suns ſetting, ſubſtra&t it from 6 hours, and-you 
have the Sunto ſet at 4 ho. 30 min. | Fngs or x. 
For the length of the day ( ſee in the laſt done ) the length of the 
afternoon, and double that, and *tis the length of the day t it Is 9 bo. 
OO mini This ſubſtraQted from the whole 24 haurs, mult Teave the 
length of the night, which is 15 ho. nite 
or'the time of the Suns being due Exft, take C 6 and convert it 
into time, andſubſraQt it from 6 of the Clock, ard it gives the time of 
the Suns being due E2ft, which is 4 bo. 31min. 8 ſec. (for you ſee the 
Suncuts at the Eft and Weft Azimmb (olong before 6 of the Clock.) 
For'the time of the Suns being due Feſt, adde the ſame C 6 (Chft 
found } to 6 hours, and it makes the time of his being due Weft,which 
is in this caſe 7 ho. 29 min. 30 ſec. and che reaſon gr foraſmuch 
as the Sun is due Exft before 6, ſo much he is due Weſt after 6 in the 
evening, | \. OY. 
The thae of Day breaking is * 6; take it off and *convert it into 
time, and ſubſira& it from 6 hours ( becauſe *cis before 6 ) and it 
gives your defire, 5 bo. 42 min. adde it to'6 hours, and it glyes the 
time of Twi-light ending, which is 6 bo..18 min. 
The continuance ef Twi-light'is '6 L; take it off [as hath been be- 
ſore ſhewed ) and convert'itinto tine; its'1 bs. 48.min. © _ 
For the lmgef# doy in that Latitude, take'B E forthe difference of 
Aſcenſion, and ( when converted into time ) adde it to 6 hours, and 
that dbubled, is the length of the day, that ſubfirated Fromm. 24 hors, 
is the length of the ſhorteſt day, or night 3 C the! day is, cqual to 
the lengeft ſes gp tut. wok the Thortels, day, you | 
may take Q Q for the ziſſtrence of Aſctnfion, and convert it into tim 
andſab(ire&-it from 6 hours, 'and cnet of half the ſhorteſt 
dy, which doubled, is the length of the ſhorteſt day or night. 
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Latitude 50 deg. oo min. Southerh, , Declination Southerly 
x 7 deg, 47 min. / demand, as þ 


Fi VI I | Hope this wilthor feem tedious,” bectuſe it may be dif- | 
- ficult for a Learner to G—— lo Pay og rb it, 6 
Toerct a Sphere of Bern ry ou muſt conſider the Sowth Pole.is 
row cemrod cn h the $0uth point bf 
Pole, as HI; the 
Nh point the Ho- 
the ſame from 


do araaceh apr ae Nh ofthe Fu 
pin: role 6 from the poitrt 
rizon-upan the Meridian'for wrgorooes we! 


ied pe eg 0 treb Ta NE 
wt 
chen'ſde off the Tropicky, pI es a ale, oo 


eres np fmithed, Te the Outhibns, hich 1 0 
we w ne». 
ov wither hg War, aq Fee the —_ 


i. The Moir bn tin, is above ha Noith Pole of the 
tr 'of and ſein wÞY, © the fouch- 
RH | ry 
6 at 6 of t 
: if bah'te 6 of the Clock, ls. 6 7 
Sttns , . J f "OM BY ok . | * 


. | atk isP 6, after the Sun is riſen. 

b of the Day Is Inger than, 12 hours, by double the dj 
& pp of tk Night is the lenge ofthe day ſblrutl from 
it, This of tie Shi g.1s PG, befone'$ a Clock... 
12. The tinic he San ſr is as. much after 6 a Clock, 


13. The titne of the Suns duc Eaf, is 6 ed to 6-hours: -. 
14. The tine of the Suns being due Weſt, is the fame ſubtracted. 


from &houts, / 3 ach nmtoolak x fig b-» +-.th 
Py. 5. The ag 21s Gap Or the of ons, z 
11» . ; . ! - n 
_ \ 16, The | : de Ph F 


_ 


tude. 


Ret poles rin oþ 


6. The to night is equal to it 3 the ſhorteſt iy and is 
dOhublirat _— right 


Pao: X'VIL 
, the Suns Azimuth at qny time of the day in Fa Lat: 


Hel fovegning bee the ot ane ee ; hich os ror ee 
'T"& by the Plain Scale, which do 
te the Sunz bat this homing, Problem ( 


ig 
Suns Azimmb at atiy time, as well as as noon, thn. gg 
or Weſt ) be fo ih 

pA Tory Bs _— 
TS oat (-=1p gen done 
Sf Chords ondly : ar (ph WY TEE 


not 
GEE 
loaregh Pabdn of tec vc: where the Spbere is projeRted f 
the Latitude of 50 and for the Suns Declination 
47 min. Jorg In which Scheme, HZON, 
Fig. HI. the Meridien, HO the Horizon, ZN the 
and W4#, Þ the North Pole, Sthe Sannh Pol 
the EquinoGial, S S'the Tropich, of Cancer, W W the Tropi 
and S Y ( with the lee tare 2.2 the 
The Scheme being thas ed 50 deg, the L 
our Scale of Chiods, cad et it upon the Meridian. 
N to ce, alſo from O to P, andfrom H to 'S ; and draw 


wards ÞP the North Pole, ( becauſe the 
and draw the Line DD for the Pars 
Courſe'for that day.----Alſo, take 35 
ved )znd ſet it from ” AA From Oro 


qrinoGial, and P'S for the 4xis of the Warld-— 'ben,. th 
" tion being 17 deg, 47 min, orthward, take hat oue.o 
Chords, and ſet it upon the Meridian fxom ® 3 ae 


( which is the place | 5 ag! in which he : 
of obſervation.) ----T , take half the [ 

viz, E L; in your od ferring one foot in the Ger 

with Fund =, deſcribe the Circle C AF; and'fron 


rect Pripendicular © A, cuting the Circle t deſcribed ir 
A.----Laſtly, lay a Ruler from the Center at Y' and, to! | 
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B meaſured et Chork alle he Bun tum 
x the South, and ſhall be (in. ) "77 eg: $ 19in. 
BZ the Sans Auimah from the Eof'or eft, and hall be ua 
. $2 min. 


BO (hall be the Suns Azimwb from the North part of the Meridian,and 
meaſured upon your Scale of Choedsſhallcontaln 102 deg. 52 min. 


This laſt Problem is of excellent uſein Navigation, for that you may 


thereby find the Variation of your Compaſi 'at any time of the day, as 
well ( ray better ) than by a Meridies- Altieud. 


Problems Aſtronomy, ee be 

Maggi d by he Pro wo Nays ſuffice, 1 They 

' farther Uſer of this Scale in he apnea Sphere in 
Plano, 


. I 
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The Uſe Xn GLOBES. 


las -CHAP. VI 
The Ofe of the Terreſtial Globe." 
Globe is an Infirument ſo well known, that it will be but loſt 


time to what its Matcrials are; and therefore T ſhall 
onely touch at that in the Uſe of it, as followeth in ſeveral 


""PRoB.I. 
Having the Latitude of avy place given, to ſet the Globe to it. 
YA/ Fin the brazen Circle the whole Clobe rams (which is cal- 


Graduated Meridian )' and is divided from the Poles or 
Pd Aloo.» - gatrwn nh Now to ſet the Globe 
\_ to any Latitude ed, turn the in the Frame, till the de- 


 grees that you 


ſet him to, — 


Z 24, IT" *; Wa of tbe.” od. vel. 
( which is the flat roand FrameofWood in which yy = BAT | 
an tans ) > if theAativade be Norrberty, let the Noreb P 

from the Norigon 3 if it be Saath Lovirwades let the South Pole bedlevated, 
and (o it's (et right (and if you ſer the Arnidianique North and 
South} it xepreſents ( in either Globe ) the true WIS v) the *or4 
vens.or Earth. 


- - '0 


PROB. IL 
To find the Latitude of any place upon the Globe. 


Ook on the Globe for the place, and turn the whole body till that 
'8 place comes under the Gradueved Meridian, and the degree that. 


$ upon it, is the Latitude of that place. 
Sq if, you, turn it for the Lizard ( and the Globe be made true) 
you will hnd the degree on the braſs Meridian over it to.be 50 deg. 


7 0 find how two places "ri one from the other, _ 


Odo this, there is a curthibd of hhiiddeo what be fa 
ſtened upon the brazen Meridian, and to be taken off at plea- 


ſure: fer t the Glohe $ the fie an places, then - 
turn the body till that il hat pls phce ome he bo and- 


ſcrue on the Quadrant)o may cut di- 
xeRly over the other place, — wry Sake m and ſce 


vpon, was of the Horpon th fume dge aw, Gp tht lake 
braving of hel places ng lap tha OthFh, MII APERORGs 
Bxon Tv. | 9 2 
To find the diſtance detwegs two places. | 
luppole.the. ok Altitude Get | 4 
A ES _ QT; = 
xample ).. aver, the other, and: ts number degrees 
h_ (pms: RAINING” 


CHAP. VIL. 
The Uſe of the ET Ins. 


PRoB. L. [| 
Labonte fu to ful the Signe and de. 
Eclipric the Sun s in. 


ain frynpart look in it for the day of the 
againft it is the Signe, and the degree of that 


a ave your defire ) for where 
he th ge 


To find tht time of the Suns rifing end ſitting. 


Note, Opon the North Pole uf the Glibe Mheve # # braſk Ciroke wich an 
ror ters Ne thats z ws Mr ark - pi 
hoon, to 12 4 Clock \ and ſo foom 12 «a Clich &f \t012 @ 
CO fil forwards, the ſame way for the bowre p ivie 
night. 


Ow to place the Indexof the Hour-circle for any day of the year; 
you muſt ſet it to 12:0n the upper edge of. the Hour-circle z- then. 

is the Hour-circle reified. | I 
Now to know the time ofthe Suns riſing, ſet the Globe to the Lati- 


tude that you #te tn, and Took in the E k for the of the: 
lock, turn. 


T—_ Sun yew. your place the _ at 12 a - 
that degree to uat lan, and keeping of it-there,. 
ſet the Gin to do hone of 1.2 onthe upper &d 1 
then een che Glebe vill the dagrer of tht Suns | 
cut the Eaſt tide of the Rorizon.. { New the: 

upon the Hour-circle, and point to the hour of ns. 
wired © the Wieſt Gde of- the tioviana, it will | 
Suns ſetting. $1167 


PAOB.IV.. 
To find the Declimation, huving bis place given: | 


Ook for the Sitis place in the pt 
ts bcrween thate inodtial {or | 
Signe is thatThe Sini5 in. | * angel T7 202 

_ P3STYGTY 31 7 


PROB. V. re, 
| To find the Suns Meridian-Altituds any day: 


| fac for the Suns place in the Ecliptick ( as hath been ſhewn ): 


and turn. that degree to the brazon Mexidian, then ſee how many. 


7.” 


Lad . 
- 
- wa mY 
PP * LL, ry p 


TS 1b, 


of the Hour-circlg, 
ace bo whe pd. 


a —_— + «a +44 RV X-c 


TO OO IO TI ITYC 4X 43 is. » 4x Coats 
CER) RIES FT. OR 


: y © OO, s 


is between that | Horizon, undo mach is the Suns Me 
Altitude that day. 


"PROD, VL. 
To fud the Altitude of the San any bour of the day. 


GH: heffphe roche to the Latitade, then find the and (ﬆt the 


to the RE wh $1 

_—_ w 12 of mere: nous ren, te oh 
the 1 cuts t ou wW t 
ds ld cn tbo yo ou boom hed 1h oo Hts 
Meridian,inthat part of it ley is Ee Torch (as a qr en 
er MEE 08 RT and tl Fatty on fy 
as is between on 
Fe nn gh St tr: 


PaoB. VIL 
» >To find the bour of the day by the Globe: 


Tx $68 nn t# 


Ith-a CG take the Altitude of the 
Ws but the converlc of the former ; ws 
ving Latitude, and the Index -reftificd, and. the 


renal gry roy pert te Cicheo that OE ns 
crucd on at turn that t may cut 
that Altitude on then will the Index point out the 
NE II: 


PR04, VIII. 
| Hd of + Star, o bu both at ay 


P: con 
fl id 


Y ED LENCE he pen 
cc to £0 brazen cr t 
Each, ad ta then proce in the caſcs 


Suns place in the 
RE Rad Sun. 


PAOB, IX. 


bt Aſcenſion and Declination, as the Oblique 
OE we 


Hen you have reQified the Clobe, 


bring 


Meridian under the Horizon, and the 


Rial thax comes with it to the Meridian, is the 
Note, If will reach no part of the Meridian under 7 
Tdrny tk yr th ts 


bear by er 
ir fore Fay, che 


you would find the Oblique 
hae of th Hron und wher the to 
re EI EING 
you would find the Oblique 
Welt ble of the Horizon, as *ou 
work as before. 


Yo iro 


PAOB. X : ESTER S 
7e bu whe Sas oe aro the Hin t 09 tne of the 


F.- 


Lace the Globe in a true poſition, ohm 


( in the day-time ) what Stars att 
firſt take the w noch of the Sun, d fa ut t Cov 


drant of Altitude (vcd to the 
will ſee all the Stars that are above 


PaoD XL. 
To know the time of night by the Globe. | 
—_— < Mcioade En then redtific the Index of 


to the day of the month, then tum 
— ( taken ) come'to 


Ss 3 Conte One 
the Globe there, 


; woke run ern 


of Altitude , ENCBIOICY 


a 


the Calf We ks 9d © 
e Index on the Hoar-ceck will point to 


RE ne 
_ the rant of Altitude to the 
| eſt ward & of t) i, bach the to the Eaſtward 


. *: © #h 
d , 
- png 
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> flutter in the Uſe of ht Otobes, may 


OTE TTTED 
rep Te ang prom 


—_ wm © wo 1 


what ic T'am 
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be 


y Samth will 


1D Yillbe to the 
to the right; 
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TRE” Beth bn North Latitade 2 deg- 20 min. 
you LT by North, fill T come atv ods Latitade »f 


T rv > North and South Line, and 
Fe war boy Chon ho 
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Difſerence.of Latitude-and diſtance run given, to the 
Courſe and departure from the Meridian. | io 


Queſt..gc) 
Admit 1.ſe from « Head Land which lick in  Sexth Latitude = 
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Re wi altef OI In or ark 
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How to work any "Travers bythe Pn gs 


E come next to treat of any Baverſes.that i is, when there be 
| / - maby Counſes and diftahoes, how to (bt thean off, 'and'to. 
- -reduce the Qt ger ery. anc from1ie.. to. 
ie refoltod.: MITT ws g; nb ore rc and Kod 
% C mH155 {203k Lins buck 


dm I certain Port, and ſalts 
orig EST: rnb arg ag! nth 
x7 leagues 3 from # ages. 
dad ty imar pry * 


ritude I am in, my departure from my 
wpon a fireight Line, and my diſtance 


Or the reſolving of this, Firſt, draw aN | | 
AG, as ( from the place We 108,90 | 
from ) take an Arch of 60 deg. oO min. from Fr nd mas 

king that he Angular point 9 defer as Of off. 
points 3. that done, draw the Line AB, and. upon | 
Rance run from A, and it reacheth to Bz,. fram Bd: 

and South Line parallel to the firft, as B BS. 
grees ſet off your ſecond Courſe, and 
xeacheth toD 3; from D ſet off your next ark 
xacheth fxom D to E 5. then. from E, ugon 4. N 
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Diilrence of Latitude, and diſtance rh 
the Courſe and departure. 
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Travers the Third. 


Courſe and differeiſte of Latitude given, to fd the diſtance 


run, and departure. i 

+ 
Adi 8 $ in Port, and ſails Seth Eaft 
raphy 4/9 ter to dry ef der Fe 
ber Latitude 1 deg, 
Latitude 


PO» ng ng I 
is to ( as 
hams defoin> thee year of your Beck Watis rom yooche Nor | 


that they 

wn for. | The Anſwer of this Travers is as followeth. 
; om ry woes pM 175 miles. 
Cont mace good is I, 5, the mealure of the? 11.43 deg.Fferly 


D, 
The from the firſt Meridian is D A 120 miles, 
The difference of Latitnde from the place | ſet, ii AO 135 miles 
And by conſequence the Latitude I ſet from is 42 deg. 15% 
lam ſo much more Southerly than that Latitude that ! ſet from, 
And thus is any Travers of Shy 
ravers 


the diflercnce of Latitude, 


"wy J reed A LENO Y vers Was; and 
Rs Rn le fo, os wes it 5 ,but-in the 
"cond I td wp = iffered my,Lat +3 -andiit is 


_ & me what yk am -_ "RN bale am INS 
itude,,andm rence of is th my 
Latitude is incraaled ne gertn diffecxenge:of : Latitude is; ſo that 
'Impſt.adde : a to.theLatitude Leptin; and-it makevthe)La- 
titude I am now in 54 deg. 44% be nl ol tf Plone 208 
' Add thereaſon is plain': HNorif you os Northerni Latitude, 


and Cait to.the Northwapds, inercaſetiy iſo likewiſe; i 


youriLacitude | 
youtbe in a Southetn Lacitude, and Souteh, _ Latitude _ 
increaſe, for the ”w reaſon. qi 


$54 


ory 


'y C1 
Fhus muck, x Toaverſes recupiinla pee Pe ape Ve- 
ry tedious to do it this way\z :for' ſometinties ous androp Winds 
Ship may make five or fix Courkes-in twenty four 
'thus,* would 'be very tedious ; 
a Table oECgurſe and Diſtance, that, 


and "Jepatture very readily 4 ,anttbeaauſe its; I 
moſt ſpoiled, for it is printed withi 
Latitude ſet in on Crue, ad Depart tx cre, Departutcits the other, __ 


oonſence of that Table, which (,as itwas meant and 
Original Copy ).:was the. and cafieſtiof Tables 3/ ances 
make appear by. ſeveral The Table \(accordingto "as 

thers delire ) is inſerted in;this Book; as he-firft *_ them. * | 
\proceed' to the ie tie of the Tables, 


WIHiiOUgkut ts Toa rr 


CHAP. RN. 


The Uſe he following [arge Table, of. Lo 
Ko Fe in werine of Loaroiond 


| Example the Firſt. 
Admit I bad a Travers as this ; is that followeth. 


South. Eaxft. 
1. South by Eaſt 10 miles - 9. 8 I. 9 or Il deg. 
2. Then South Egſt by South 20 miles .1:6,.6' * Lis, 2. ok I4Gg- 
3+ Then South South. Eaft 2.4 miles... 22:2 -, 09 9;7 11", 
4+ Then South Eft 15,miles... :...,.." 4. 6 ho ® |. tut 


"South 59, 2' Eoft. 3247 | 166 &- 1H: 


Or the working this Trazers, Llook.in the Tables for the fix 
and becauſe it is one point from the South, EF take the Sou 
under 11 deg, 0” ( which. is the neaveſt.to, ane. point.) and; 
the diſtance run upon that. point, which is. 1@-miles, T.fine 9miles. 
$ a es and'in my next Colume. Ifind 1 mile. > tenths for 
( which la undez 79 my Courſe wp nao 
F7.Vaggi in the Example: before Look for my.next | 
it's South Eaſt by Sout Arps pag mp from.the, South pres 
Eafiward, or ncarefi 34 24 4g.) andes 24 Mg: and againk 20. milrs;(the: 
Fr inboni 1-fnd x6-miles, 6 tenths for my; Seuthing,. and; 11miles: 
$ ors bog ps Eabing:. And in. like mannex do by.thereft. Now 
taken themll, I adde up my Southing, and it makes 56 miles: 
- te z and my Ealting added up, makes. 32 miles 7 tenths. 
mw would know:your Courſe made-good,, and diſtance run- upon 
ourſe, then look for your Eaſting and. Suuthing, in-the Tables, 
= they will anſwer in one __ and _=_ that in the ſame line is 
the diſlance run,. and.over is-the' Courſe made good 
from the Meridian of South __ the diſtance run. 
6 76.mfls, my Crue Son wn : 


WE: Exarple 
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Example the Second. 
Admit this 24. boxrs I have ſailed s followeth.. . 


Ek © | South. Eaſt, "ertb | Welt. 
by South South Eaſt 15' miles 13:9 oy. 6 oo. 00. 's 

<P South South Weſt 18 miles 16,7 © 06.0 000. ' AO ICe 

South Weſt by South 20 miles 16.6 00, 0 ©0 | 

Eft by North 18 miles 00.0 I7. 7, 03s 


47.2 _ 23-3 04 7.9 ; 
3.4 217.9 


South 43. 8 Eaft 05. 4 -/ R \4,:) 
| Phenom ere Travers, take the Courſes and diſtances 
of the Tables ( as before ) and againſt them is the difference 
lone to put your Norting and Soothing, Eating od Welling 
e to put your þ A 
tin, ved ſee it done here: and when you have done. 
up ſeverally 3 and then ſubſira&t the leſſer number, whether 
or Northing, from the greater, and the remainder is 
ference of Latitude, 'either South or North; as in this cafe the gre: 
was Southerly, now:the Northing being ſubliraGed, the y 


bo \ mainder is 5 miles 4 tenths clear Eafting: And 
EX. : or Weſting, Northing and Southing,' in; 


the itude by obſervation, as well as the Latitude'z ( 
I purpoſe to ſhew as ſoon as I can come to'it.) 'N 
every man to keep his reackoning by Latitude \and 
he is ready at all times to give his account either to him 
dy elſe, as Pll prove by the Examples of Reckonings 
the Tablc, which I thonght good here to inſert. 'A 


| Note, that this Table © goeth but to 100miiles diſtance run, but if your - 
diftance be more, take it at twice, thns : "2". ea mn 
Admit the'Courſe were North 31 deg. Eaſterly 142 miles, I ſet it © 


thus, and them together. | 


"or any bo- 
wing after. 
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OO Uptiformed bythe Tables.” 
North Eafterly 3 deg.  1c0 "$.9 
North Exfterly 31 deg. 042 ' 36.0 
3 $1917 2 1: 217 7 Nerth 2t, 7 Eaſt 73. 2. 


Mr. Colſ.me hath taken the liberty tq trapſcribt the following Table; 
and placed it in his new Kalendar, but with ſome Alteration and nieed- 
leſs Addition, and then is pleaſed to call it, | 4 Table larger and better 
contrived than of this nature yet extant... Now for the in ing 
of it, he hath _ ated a C for” every quartet of a Point of the 
Compals, which is a very uſcle(s thing 3, no point or quarter falling 
path 2, of a degree of the'Compals ( which is not one two 
and twentieth part of a point of the Compaſs) from what's done by - 
my Father many years ſince; and for-24 points of the Compaſs bat 
15. minutes of a degree ( which is neither of them to be minded: 
But I think he. never -uſcd the Sea, ,and ſo may believe that a man can 
ail $0 a haixs breadth at leaft., . But'T would fain know if the quargers 
of points mult be done fo exatly, why every degree of the Compaſs 
ſhould not. as well be divided into ſuch nicities? Now for this and his 
writing Latit»dein one Colume, and Departwre in another, againſt the 
Diſtance, * ( very contrary to my Fathers meaning, and moſt mens un- 
derſtanding ) avd Compliments below and above,  ( which is ' very 
odde ) he. intimates himſelf to be, te Author, of the whole Table ; 
which is-implicd in theſe words'of his: Cpape 132 of his Book ) This 
i a Table larger and better contrived than any of this nature yet eactant. 1 
wonder at his Contidence, to venture to. print fuch a Table for his 
own, which was publiſhed by my Father many years” before he was 
born,and is onely ſpoiled by Mr. Golſome in his afſumed Book'; and by 
ſomebody of late, who hath printed it after the ſame nonfencical man- 
ner (the quatters of points excepted) -in my Fathers Sea-mens-Pra- 
Tice. | 

The Tables here following areas they were firſt deſigned to be prin- 
ted by the Authoy, the quarters and halt points were done by, Mr, Phi- 
lips, and fince that, by Mr.' John Sellers. ſo.that'they are no way in- 
 larged by,-any invention of ; Mx. rid x though he.is pleaſed to-fay fo. 
But 1 wonder at it, ſince [ ſaw hi Aga piſtle to poor Captain 
Sturmy's Magazeen , bit extreamly at'the Stationers,Jfor ſuffering that 
Epiſtle to be printed, notwithſtanding he received a confiderable ſum 
for his pains 'to' correc aridpurge that Book" of the>imnpertiacnctk 
' and abſutditics' (committed? by the Author', and!omittedrby 7Mr. 
AP. in the firſt impreſſion. ) 1 ny bc thankfu], gl; ; 


os 


" od 


43 
ſhew mg what = pproverent Mr. C. or roy mw gl hath made- 

to the Jatter Editjon, amore t t Epiſtle « fill of dpgrateful 
Refie&ions on the Author F] = months $ conſideration or 


ht ron i The $ rely in Then ny, Tas yet handy 'Y 
Gag ittpn, Fcanngt examine. 
I 5 wh he THY Ye py ap ada may'y me little rag 


ety ig, Fi 
firſt Book _—_—— Re bach 4d4cd of Bs Herveying in 
A hk As. is wholly ous of Mr, Forbes $ IT” Or: 
Guazery. and yt qa gs ypd apd 
hay wry ht IG ei 4 tO trace ot Skew nh 
tes out, he. a1 de on on "Mr. Sturmy, ang: 
fel g | ber bar -mgſiers on, like an Arciſt, 
WG c br ben then ded, I) I leave to any man of 
Coons judge.” W of a Ship - 


in all Weathers, is Co Maes Printet ove forty years lingr,. 
it his Navigator. 


Before kcome to, Nas large os hl are calculated to every | 
of the Comp eough ood. here t9 inlert a fmall 2 

. Tolle, with its ib wry m apd [predys, and I call of 
Fable of. Norahing ad Sauthing, ( never in-print before, as I know of: 
Bu furthes YG at che large Tables, Gallivllow altex- them. 
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CHAP. XE 


A Table of Nortking and Southing, Faſting and We- 
ſting, !0ever Point, half Poipt, and quarter Point 


of: the, Compals : With ts Vhe. 


His Tables: v83y; .cabie, and wark of th t 
AF, ms of ia Point: pores * hon yay : y" | 
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Whatſoever your diftance run is (_ whether you take it in miles or 
leagues ) multiply it by the numbers whiah ſtand againſt the Point of 
the Compaſs you fail upon in the Tables, caſting away as many figures 
of elit producd tothe right hand; as you took out of the Table, narme- 
Cen the temdinder j$' (os); the Afernrf Late the «+ 

Aaredien diftarke 4. and the figures cut off a thouland parts 
of a mile-or league: 


in cach. a ee Latis 
tede and which ESD _ 


e be:nearer the 
Meridian of and: Sowth, , 5 the Pall of TEL it 
nearer tothe Nertb or. Saah erence of Latitude 
number z but if nggeeſt to the Eaf or We, your Meridian 


> Kxeateft, (aud this your own reaſon muſt give you.) rot 


wr TOOee "P14 ——_— 


Admit T ſet from a Head Land, auf South Watty' Weſt ] miles, 
I demand my difference ot (oor it ns Ae 


dian; | 
I Look for 5 points, or three, in the Table, and find againk it in- the 
twa middle Columes ) F32-d998 I multiply FRO 
—_ - x} þ 1-0; ) 
Di 
| - they produce I $3,170 [nayRees » 
lude then that my depa 
FR that is, 58 miles, wo 57 nary 
difference of Latiznde is 33 5? 
res of 2 miſe,” which is near! 
= ave ji the, greateſt, is, 
The like is co he 1 


Gainſt three quarters otic one *Palni of the Compaſs, 1 
' A had theſe gumbers 140 \ \and ©- 93g 


| 


Econtider here, my rn is r3caFcr tothe. North han wy the Eats 
theretore my: difference: of Litaude id $6 ;/ 1220: x2 miles 5 that is;:\$0i 
miley, and er aodcontbe+ "a cite: And::my nay me 
v1-32420r x} miles; os:11-miles,and 34hundred parts of a mile;” - 

And Jet this ſuffice forthe ſe of this lictle table. - But before Icons | 
w tkew the Uſes of the following large Tables, | will firſt- ſhew you 
how the lame Tables-are made + 3 mciotoaely as followeth. 1-3: --: 


ly) 01th it 44d cnemun 


t, + ny (1% 3 "Oy 7 Ty L1 8) .[1216QRAPL 


Thy the Tables... 


CHAP. XII. : 
The Conſtruction of the Table of difference of Lat 
tude and Departure. 


y rec Baden roamed, n a Gourſe 58 degrees 
CO pe hn, 5 miles} I would know - 
n+ ry ave altered my Latitude, yl 0. ach 


have Panel Fo I fet 
| The Proportion is, 
| 4 4-Anisy x." For the Departure. 
As the Radins, or Sine of 90 degrees | Io. 00000 
Is to the Logarithm of the diſtance run, 85 miles I. 92942 
So is the Sine of the Courle from the Meridian 58 deg. 9g. 9284z 
To theLogarithm of 72. 1 miles the departure ri. $5784 
2, For the differences of Latitude. | 
As the Radins, 9@ degrees FO. ©0000" 
"Ts to the Logarithm of the diſtance run $5 miles I. 92942 


So is the Sine Complement of the Courſe from the Meri- : RE: 
dian 32 degres FOR 


To the Logarithm of 45 miles, the difference of Latitude 21. 65363 


And if you look into the following Table, under 58 degrees, and 
againſt 35 miles, you (hall find this numbers 45+ © miles for the difference 
F "uy - he ſame and und d and | 

(in the page and line) under 32 degrees, and againſt 30 
you ſhall find this number 72. 1 miles for your departwre. : 

And in this manner may you find any othes awmbers in the Table 


3” ; 


4&6. Propeſitons'W "— 

> And becauſe the Titles at the head of the Table are by np from 

x7 to 45, and returned back again by their C 

I have here inſerted this Table 3 whereby, (if your Conſebe gi given yon 

in Points, or Points and quarters of Points of the Compals) you may rea- , 

dily know what degree in the head of the Table you muſt take inſtead 
Example. 


thercof. 

Suppoſe your Courſe given regis ShyE a of Os mY 
Look 'in this little Ts for this Both tor er, und A 
you ſhall fird 14 deg- 4 min. fo that i 2b Fs didetir oF | 
Point Eaſterly, you muſt make uſe of 14 deg. in the Table. which is 


the neareſt number of Gxgrees thereunts ; _—_ 


half a Point Eaſterly, you mult take Send being the neareſt in 
the Table to 61 deg. 52.0 which NE byE halfa 
Point Eaſt, &«c. 
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A Table ſewing the number of Degrees and Minates, that each 
Point and quartet of a Point of the Compaſs makes with the 
Meridian. 
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The Uſe of the foregoing Tables 
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CHAP. XIII 
The Uſe of the Tables in Plain Sailing. 


Heſe Tables (as I'faid before) Mr. Colſame hath been pleaſed 
to place in his Book called his New Kalender, and both there, 


A —_— a_—— cM AC << _ — c<a4 To aa 


| and of late in my Fathers Seamans Pradiice, they be printed 
* with Complements below, which my Father (were he alive) would. be 
| aſhamcd to fee ; far without that, *tis far caſier to know the —_— 
or Northing, from the Eaſting or Weſting, by the Courſe from the Soxt 
or North, Eaft or Weſt ; for Ict the Courſe be what it will, from the 

North or South, under that is the difference of Latitude in the Colume, 
aga\nſt the diftance run 3 and let the Corrſe be what it will from the 

Eaft or Weft, under that in the Colume againſt the diftance ru, is 

the Eafting or Wefting : As, ſuppoſe the Courſe be South, 40 degrees 
Weſterly, againſt the diſtance run, and under 40 degrees, is the diffe- 

rence of Latitude, and againſt that, in the next Colume, is the Meridia» 
diſtance, and the Corſe trom the Eaft or Weſt is 50 deg. over that Colume, 

(as you may fee in the Tables.) 


PX. 


How to keep a Reckoning by the Tables. 


Smppoſe upon the 10th of June 1683, being Friday, I departed from a 
certain place that lieth in 32 deg. 20' (of North Latitude and ſailed 


as followeth. 
Day 

Tune 10 Courſe. Miles. North, Weſt. 
11 Saturday [NWbhyN go | 74 4 50 3 
12 Sunday N W | 160 | 70 7 70 7 
13. Monday NE 89 | 62 3[|,62 3 Li. 

| o 7I'C 70 | 

14 Tweſdgy NW | 100 ” [$79 Z | 
15 Wedneſday | WNW | 100 | 37 5Þ 32.7 | 
16 Thwrſday Weſt, | 100 | oo c| 1co0lo | | 
17 Friday Welt | 78 | oo c|. 78/0 | | 
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" in Plain Sailing. 9g 

For the working this, I look in the Tables ( before ſet down ) and 
conſider the Courle is 34 deg. neareſt ( look for 34. deg. ) and againti 
the diſtance run, the firlt day 90 miles, in the Colume under 34 deg« 
I find 74 6, that is, 74 miles 6 tenthsz. which is my Nortbing made 
that 24 bours, becauſe it's under the Courſe failed from the North: In 
the next colume, and under 56 deg, I find 50 miles 3 tenths for my 

Ieſting, becauſe *tis under my Courſe from the Weſt : Set it down (as 

you ſee againſt Saturday ) and when*tis in that order, 1 have my Co- 

lumes ruled ( as here following you fee ) for my.Reckoning 3 and ſet 
down the 11th $atzrday. Betore you proceed farther, confider what 

you muſt dv with your difference of Latitude z Now becauſeI am ina . 

North Latitude and have gone to the Northwerds, therefore this 74. 

miles 6 tenths, or 75 miles, \(tor 6 tenths is above half a mile) muſt be 

converted into degrees and minutes, by dividing of it by 60, and it is 

1 deg. 15' : that adde to. the Latitude I departed-from yeſterday, viz. 

32 deg. 20',and it makes 33 deg 35' (the Latizadel am in today) (et 

it down in your Reckoning againſt Saturday, and in the next Colume 

beyond it ſet the Meridian-diſtance 50 miles, and fo the firſt Line of 
the Reckoning will be read thus : Fbe 11th day being Saturday, I was 
inthe Latitude of 33 deg. 35', and bad Weſt Meridian-diftance 50 miles. 

And this is the meaning of the firli days Reckoning. 

The next day being Swaday, I work the Gouslſe and diſtance given, 
as before is ſet down 3 and when. I have added my; Northing, as be- 
fore, 1 ſet it down as you fee in the following Reckoning 3 but my Me- 
ridian-diſtance being Weſting, I adde it to the Welting yeſterday, and 
it makes my whole Weſting to this time: 


AS un EE SO 4.coax 4... 2x. Ave 


| That yeſterday was 050 miles. 
| That to day is 071 miles. 
The whole is 121 


Set down x21 miles in the Reckoning, and it ſtands as in the ſe. 
cond Line of the Reckoning. And doing thus daily, you have your 
whole Meridian-diftance tor any day of your Reckoning given, by adding, 
two numbers together, 

If it fall out, through contrary winds, that you make Eafting when 
you would make Wefting, (or the contrary, as in the third days work ) 
ſubſtra& your Eafting ſo made, from your Weſting, and the remainder + 

. will be your whole Fefting: The like is to be underſtood of the reſt... 
And this is a true way of keeping a Reckoning by Plain Sailing, Now 
if you demand how. you ſhall do at any time to know the __ and 


\ 


96 The Uſe of the foregoing Tables 
diſtance from the place you ſet, I anſwer, you have your whole Merj- 
dian- diſtance, the Latitude you are in, and the Latitxde you ſet from, to 
tind the Comrſe and diſtance 3 and if you will, you may make a Colume- 
for the whole difference of Latitude, and carry it along as you do the 
whole Meridien-diſtance ; but I think it needlcſs, becauſe it is but ſub- 
ſtraQting the leſſer Latitude from the greater, and converting that into 
miles, and you have the (ame thing, 
Theſe plain Reckonings doth well enough to and from places near 
the Equinofiial, or to any places that you come back near the ſame way 
you went oxt, but in other r#ns not : For the World is round, and Pa- 
rallels as they come nearer the Poles, are leſſer than great Circles; (0 
that if a man be bound from London to the Weſt Indies, it may happen 
that Weſterly winds may carry him fo to the Southwards, that he may 
make but little Meridien- diſtance till he comes as far Sontherly as 
25 degrees 3 and when he comes home, he may be ſct to the North- 
wards by Eafterly winds, fo that he may make (but little Meridian-di- 
Rane, till he comes ſo far to the Northwards as 35 degrees, or ſome- 
times 45 degrees. Now no plain Reckoning will come near the ; 
truth in this caſe 3 but ſome other way that will meaſure the World, 
(which is a Globious Raddy.)" However, this as I ſay, doth well in 
many caſes. The Reckoning is this following z © which I call, An Ac- 
count of the Northing and Soxthing; Eaſting and Weſting, that we made 
m our Voyage from Bermuda 'to the Capes of Virienia, namely, Cape 
Henry, and commonly over the head of the Reckoning, right to ſome 
ſuch purpoſe, - as I have done here. . | 
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, in Plain Sailing." | "97. 


From Bermuda we departed the zoth day of June 1683, bei 
Friday, and were bound to Cape Henry in Virienia, whick 
( as it is generally accounted ) bath Weſt Meridian-diſtance 
from that Jſland 420 miles, and lieth in North Latitude 
37 deg. Here followeth my Account of Northing and Soutl- 
ing, Eaſting and Welling that Voyage. 


A 34 ht © 


Mc ric , | ; I | 
Things of note i the Voyage. 
\ 


Week- {Latitudedifian. 
days. {deg mi. Wet, 


miles. 


Saturday ob. 35 050 [Fair weather, the wind W $ W. 
Sunday obſerv. 46; 121 [A hard Gale at NW byN. | 
Monday obſer, 49 058 JA freſh gale N W by N.we ſee aShip. 
' ſday obſer.13z5 og5, 134 jFair weather, the wind SW. 
15 Wedneſday ob.136 43 226. |A fair Southerly wind, but variable. 
16/Tharſday ob. 43, 326 The wind at Eaft, fair weather. 
'7|Friday obſerv. .46 -404 {The wind at Eaſt, and fair weather. 
\nd we ice Cape Henry and fet it , and it bore off us North Nor 
Welt, and: was diſtance by eftimation, five leagues. 
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i you may keep a Reckoning of the Meridian-diſtance, and the 
Northing and Soztbing of a Ship, any where, which I call Plain 
Sailing : but (as 1 ſaid before ) *tis not ſufficient to know, and do this, 
but wemuſt think of ſore other way to keep an account of the Longi» 
tnde trade in any Paralle} ; which we will do, by turning the miles of 
Meri-/ian-diſtance into degrees and minutes (every day) and fo fetting 
it down in-a'Colme (for that purpoſe) added to this 3 and this is pro- 


perly called Mercator's Sailing, becauſe he fhewed the firft deſcription 


of this way: and indeed that is the onely way to keep all Reckonings 
at Sea, except a coaſting or ſhort run, or other runs that a man comes the 
lame way home that he went oxt (or near it) 3 and in ſuch caſes, the a-- 
bove-mentioned Reckyning is exaQt enough. ''But for the doing hereof, 
it is neceſſary that you have ſomething that will ſhew you bew many. 
miles makes a degree of Longitude, in any Latitude z and there'is ſuch a. 
Line called the Line of Longitudes, deſcribed vpon the Plain Scale, with 
the manner of its ProjeRion, in Chap. HI. Fig-lF.” The Uſe of which, 
Scale I thall here ſhew you. | =e 15,3904, (lied 
Oo CHAP. 
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CHAP. XIV. 


Of Mercator's Sailing : And bow to keep a Reckon- 
ing, according to Mercator's Projefion, by the 
_ Plain Scale. 


Dmit I have the ſame Reckyniag to keep that I had before, ſet 
down the firſt days work, as 1 have there done, and the Meri- 
dian-diftance that I had the. firſt day, convert into and. 

mines in thoſe Parallels by the Scale of Longitude, thus: what 
the middle Latitude that you failed through between yeſterday and to 
day was, by adding them both together, and taking the half, and I find 
it was 32 deg. 57'. Fix your Compaſſes upon the Line of Chords, and 
take off that middle Latitwde'; that done, carry it to the Line of Log- 
gitude, fixing, one foot in 60, and where the other foot falls, it gives 
the number of miles that makes a depyee in that Lavitmde, which here in 
this- cafe 1 find to be 50 miles to a degree 3- from which I conclude, 
that this 24 hours 1 have (ailed a degree of-Longitude. Set it down. 
in a Colame which you muſt make on purpoſe for it, next to the Meri- 
dian-diſtance, as in the Reckoning following 3 and it is Veſting, becauſe 
the Meridian diftance-is Weſtings . '_. |. 

Fhen for the ſecond days work, Take he middle Latitude between 
the firſt days work and the ſecond, which-is done by taking half the 
difference of Latitude between yeltcxday ang to-day. (it was the. half of 
-+ miles) and adde it to the Latitude yeſterday ( becauſe you increaſe 
your Latitude ) andit makes the middle Latitude 33 deg. 22's Note, 
That if your Latitude had decreaſed, you maſt bave {abitraRted it :. but your 
own reaſon will give you that.. This midale Latitude take out of your 
Line of Chards ( as before ) and apply it fo. the Line of Longitude 
60, and the-other faot will give, 50 (neareſt) which is the number of 
mites that makes a degre&in that Latitude. - Now, becauſe the Meridi- 
an-diftance is moxe tniles chan makes a degree, divide the Meridian-di- 
{tance by 50, and the Quotient is 1 deg. the remainder is 21, Say then 
( by the Kate of Three), if 50 miles gives 60 minutes, what ſhall 23 
give? and I find it gives.25 minutes 33 or 7 of a minute ( which fra- 
Eion) I regard not : fo that toconclude, I find this 71 miles of ou 
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s ormedl by the Plain Scale: 99 
dian-diftante is 1 deg, 25/ : Tadde this tomy Longitude yeſterday,which 
was 1 deg. and it makes 2 deg. 25', Set it down as you lce in your 
Reckoning. lo'this manner you muſi ſet.down. the whole Meridizn- 
diſtance, and difference of Longitude in the laſt Colume ; ſo that no;man 
can take you unprovided of giving him an account where you axe, , os 
where you were any day fince you ſet out, " 

Nete, That if you be ſhortned by contrary winds, that you make 
Eaſting when you would make Wefting ( or the contrary ) fo that you 
make-your Longitxde lefs; then ſubſtra7t It : but furely your own rea- 
ſon will ſuggefi that. This may fatisfie for Examples of this zaturs : 
The like is to be underſtood of any other. 

Here followeth the Reckoning which ſhould be writ over the head or 
top of ie, as the; other is, or to chat purpoſe 3 which I omit for brevity 
lake. 


The foregoing —_— according to Mercator. 


— 


atzrd, ob.33 35] 005001 OO[Fair weather, the wind W $ W. 
34 45] 01211235{A' hard Gate at N W.byN. \ 
35 49]0058[0056|A hard Gale at N W by N, 

3s 051013402 21A fair day, the wind Soatherly. 
436 4310226 The wind 
3 


ndog s/f 
And we fee Cape Henry, and it bore NN 
_ eſtimarion fr was hve leagues off. 
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Nd thus the Plain Scale will work the beſt way, of Sailing to, a 
minute of a degree, and; leſs (if need required ig)... 1 call this of 
Merestor's Sailing-the beſt way of failing, becauſe *tis:moſt in uſe 3 and 
Great Cirele-Soilingg the near way of failing, but cannot be uſed fo 
much as this, - becauſe the Land hinders you in-molt Voyages from fol- 
lowing that Arch that would Jead: you the neaxeſt way. I would have 
all-men prize the. PlainSeale.: 1 þ an .afraid, there be many, men that 


work by -G#mer, apd:the Tables thms, and the Square and Cuye, 
ar 00 notkw the ons ple 10G eau del be | 
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P 100 The Deſcription of the Plain Sea-Chardg 
"# not what they do in thoſe deeper: things, for. want of knowing this 
n well. ( Thisas a Caution by the way.) 
I'do not know any better way of keeping a Reckoning than this; 
* {XV OF, but it wilt be ſomething abreviated, when you come to work it by the 
Od $2 23 Complement of the Latitude, in proportion with Radins. But I ſhall 
ACTING that i | 
'm- by WE Ry . ome to that in order. 
"\n 7 ad 5% 


5 > Rut again, by this Plain Scale. . 


WE you Have found how many miles makes a degree in the mid- 

dle Latitude, your beſt way is to work your Meridian-diftance, 
thus : Say (by the Rule of Three) If ſo many miles (admit it were 49) 
gives 60”, what ſhall your'Meridian-diftance in miles - 6h what comes 
out, is leagues of Longitude 3 that divided by 60 (it the number be: 
bove 60) is degrees, and the remainder, miputes of Longitude 3 if lefs 
than 60, they be minutes. ed; ack Yo 
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The Deſcription or ProjeStion'of the Plain Sea-Chard, 
or any. plain Plat or Draft. | 


| Or .Coalting, the onely thing is ſuch Ghards or Plats that have-z 
| large. Scale, and ſo the true diſtances and Courſes from place to 
- Place will be the more exaR, andthe dangers the more perſpi- 

| eyous. The manner of making, theſe Drafts, is on this wiſe. 

© - Suppoſe Fave a Skin-or-ciean- Skins -uporr a-Board { which-may be 
reſembled by this following) and have a mind to make ſuch a Draft as 
this is here, by another of the ſame Scale: Fil rake off the Land from the 
other with oyted Papers fitted for that purpoſe an$having ſome North 
and South, Eaft and/ Welt Lines drawn here in this;"as is in-thar, Vl 
lay them Papers' with the Land taken off: mthem bythe ſame Lines = 
here as I did there, -and with a Penſil of brafs Fit-run the Land over, 
and it will Jeave the imprefſion of-the ſame on the clean Plac;\that 
draw out (aShete )\ this'done, from one; Center ( as here] upon ©) 
&cfctibe a Circle with as large # Semi-diameter-as che" Board or Plat 
will bear, and divider ano four equal: parts for the” 'Nonth, South, 
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Eaſt, and Weſt points of your Draft, and draw them, as here N-© $ 
ad W © E. ( Note, They muſt be parallel Lines to them Ealt and. 
Weſt; North-and South Lines, which are drawn before you laid down 
the-Land.) This done, -divide your Circle into ſixteen (equal parts 
and from them: parts draw from one of them, through every one of 
them, a Line from fide to fide of the Draft, and it will make 30 points 
at.the: Center, beſides the Meridian-it ſelf ; And becaule there are 15 
ſach pojnts; -evexy:one will be two: points for a North by Weſt Line, 
drawn'through muſt be from that Center a South by Eaſt Line alſo ; 
and fo of the xeſt.... As:for the Line or two points which be wanting, 
in the next Center you will have one run by it 3 ſo that from: your 
firſt Center. *ris bat drawing a Line pagzallel to it, and: you have 32 
points':: and thus do:by the reſt... If , you will, you may make but 
eight Centers, -unle(s. jt be. in a large Draft. - I divided. che firlt Circle 
here into. 32: points;:; but 16:is \the number chat is uſed for theſe Cen- 


ters; ; and-therefore draw no more. till. your other Lines he all drawn, 


for tear of miſtaking. L 
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| CHAP.:XVI. 
The Uſe. of the Plain Sea-Chard. . 


Uſe of this Draft is very cafie and common, fo that *tis but 
j WE foperfiuous.to ſpeak of it. However, I'll ſhew it here.: If 
. ' you would find- how one Land bears from another, fce what 
point runs neareſt from one Land to the other 3 and if-it be not exatt; 
take half/ beeween that and the next point, ' or a quarter, and run it a- 
long, nd mind- what point it is neareſt to,- and which way your Fra» 
Qion is fxom that point, and ſo count thei bearing, | , 


EXAMPLE... 
] would know: how the Northermoft part of the land at A bears 
fromB.' I fix my Compaſſes at B, and looking, 1 fee the Line'CB 
run ſomething near it; but taking my Compaſſes.and- from B 
that Line, I carry it along and find it bears foe of the Iſland to the 
Northwards, and but a little 3 fo that 1 the Courſe will be fome- 
thihg ore Weſterly than thay, Line (which is South Weſt by Welt F 
| A. an 


| The O/e of the Plain Sea-Chard. ro» 
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202 The Ve of the Plgiy Sea-Chard. 
and therefore will count it South Welt by Weſt 5 Weſterly. The like 
of any other. 

'Secondly, if you would fet off any diſtance failed any Courſe, 
= the 97 _ Land or meds of the Cont» 

{s that you failed on, juſt fweeping it, arid carry it along a Wa 
bom thence: in that ovine ; then oy your Scale 'from Jn, cond 
would ſet off from; ſo-as the Compaſſes may juſt ſweep the Scale,'and 
take your diftance that yourwould ſet off, and ſet it from the place by 
the edge of your Scale, and there is'your Ship or the place you defare, 
becauſe the cdge of your Scale is parallel tothe Line or Point of the 
Compaſs you would (et off. | x (4 

Thirdly, If you would 'know the 'Meridian-diftance between two 
places, - then take the neareſt diſtance between the place and the next 
MeridiarFline that runs between them, avd- carry*that by that Line; 
till you'cometo have the other place Eaſi'or Weſt off you, according 
as it falls 4 and that done, continuing that foot - which you-run from 
the Land in that place it falls tobe, extend the other to the'Head Land 
orplace appointed, and that apply to your'Scale, or graduated Meridi- 
and it gives you the' miles er leagues of Mcridian-diftance regair 
xcd, 


EXAMPLE... 

Admit I would know the Meridian diſtance betwetn: A and B, the 
neareſt Meridian-line to A is E 3 Il ſweep that Linefrom A, and carty 
\ it in the ſame: Line with that extent from the Line Weſterly; as Tyook 
it,till I'come to F 3 and then from that difiance Wet there I'll p T7 
my Compaſles to'B, -and apply it to my graduated Meridian, ad it 
makes 37: leagues upon: the Mexidiav, or 1 deg. 51%." 147 oe 1 
If you would fmd the difference of Latitude between two' places, do 
the ſame from-Faft ard Weſt Lines, as you did here from a North-and 
South Line. | 2158 
Laſtly, if you would find the Latitude of any place, take the neareſt 
diſtance between that place and, the, next Ealt and Welt Line between 
them, and run it-along that Line tif you come to the graduated Meri- 
dian, (keeping the foot of youx Gorapaſſes that you run from the-place 
the ſame way) and it will catithke Mexidian-line in that Latitude which 
the place lies in you delixe. =y 1-1 | 
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The ProjeStion of the Quadrant: nog 
EXAMPLE. 


If T would know what Latitude the point A lies in, 1 fix my Com- 
paſſes in A, and ſweep'the Line O, and'runit to the Meridian-line, and I 
it falls at K, which is 39:degrees, the places Latitude required. The | 
like of any other. 
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CHAP. XVII. 


The Deſcription, Proje&tion, and Uſe of ſuch Inſtru- 
' ments as at Sea are fitteſt for Obſervation for 
finding of the Latitude. 


I. The Projeftion of the Sea-Quadrant. 


Fig. L His Quadrant conſifts of no more but 9o degrees, or 
| a quarter ofa Circle : in the great ArchE F is 30 

degrees, and-in the little Arch $-T is 60 degrees, 
cut off upon theſe Arches, from the Arch of go degrees DCB ( the 
Arch DC being equal to E F,and CB equal. to T'S,.: and all of them 
deſcribed from that center where the Horizon Vain ſtands, which is at 
A) : fo that for the making of it, 'ris but laying down the 90 degrees 
of the Quadrant D A B, and from it project your Quadrant at what 
dimention you pleaſe; but commonly the ſemi-diameter of the little 
Arch (which is AS ) is one third of the ſemi-diameter ofthe great 
Arch AForAE. | 


Now to obſerve with this Inſtrument. 


1} hr are three Vains, as R KA: That at R is the Sight-Vain, 
4 that at 'K is the Shade-Vain, and that "at A the Horizon-V ain: 
The Horizon-V ain is ſet home to the center of the Quadrant, (as you 
may ſee at A); 'the Shade-Vain is always fet on the 6oth Arch at any- 
fifth degree, as at 5 es, 10 degrees, &c. and there remains with- 
out alteration 3 the Sight-Vain is always ſet on the'3oth Arch, and is 
to be removed as the riſeth, There is a little hole'in the Sight= 
Fain, through which you Jook upon @ Line that isin the ARID 


- 


Fo4 The Projettion of the Troſs-f IF. , | 
from the upper ſide of a ſlit there, through which you ſee the Horizon ; 
and this Vain is to, be removed ſo as to (ee the Horizon, the ſhade of the 
Shade-Vain, and the Line on the upper edge of the Horizon-Vain, all in 
one cxaaly, and then it is right ſet 3 and as the Sun riſeth it wilbre- 
quire to have the Sight-Vain removed lower ( which, do.) fill till the 
' Sun be up or upon the Mzridian that day-3- and then you will find it 
will require to be removed back again : by which you know the Sure 
is upon the Meridian therefcre let all fland till you ſee ir doth fo, and 
{oe what you have upon' your _ Þ © ANNE. oo. 
Count from the Sight-Vain K how many deg. there is toÞB; and alſo 
what number of degrees and minates:there is. onthe great Arch from 
R to E, and adde them together,that"ſum is the 'Complement of the Sans + 
Meridian | Altiteede for that day 3 which work as I ſhall ſhew (in Ruls. 
for. that purpoſe) to find the Latitude. This Inftrument is the beſt 
that I know, to obſerve the Sun at. Sea with. | There is a Line from 
. the little hole in the Sight-Vain to the Graduation from which you count 
what's upon the great Arch, This great Arch is fo large, that the'de- 
grees are ſub-divided into (ix parts,cach part being 10 minutes of a de- 
pree, ſo that you may take it off to a near ſcantlingz but to be more 
exad, that Arch hath commonly a-dizgonal Line on it, by-which'y 
may take it to ſeconds of a degree 4 but with caxe. you may do'as we 
without it. | 


Il. The Projettion of the Crofi-flaff.” 


2, TL Jt, upon a Board fitted for that purpoſe, draw the Line 
beg _ A wn from A raie. the Poopencteulay Line ALI, 
' and (making A the center) deſcribe, the Arch LE. (-which S008 
drant ) divide it into:two parts in the- point:S, and the :halt-S L di 
vide into 90 cqual parts, (though here *tis but into gy by xeafon. of the 
ſmalneſs of the Circle): Theſe parts muſt be ſub-divided each into ten 
parts in your work ' of that largencſs for uſe. And from A draw 
L incs from every ſingle degree and 10 minutes of a degree, as here is 


done to cvcry ten degrees, This dane, for the. 29th fide, of yourScale,”  '! 


throvgh-the2 oth diviſion, at-29, draw.'the Line BQ parallel-t0 AT, 
and thedivifigqns will be made by the Lines, drawn fram A... 11 +; 

Allo draw: (.for your 60th fide ) a parallel Line to Al from'6o in 

the Circle,-as C K, and the-Lincs from A divides that: The like from 

90. And in this-manner -is the-Croſ-ſtaff projeted. / But be very ex» 

act in Civiging your Circle 3. for cl{e it will fail much, 4t bcivg the 

nature of 7 tanger't Line $0'rus ſo-cdging $0, a Line; it nh Bo | 
| 1vihons 


The 'ProjeStion of the Foreſtaſf.. 105 
diviſions being thus laid down on a Board, you may take them off and 
ſet them on your Staff provided for that purpoſe: If youwill, you may 
make a tenth fide after the ſame manner from 10 on the Circle, 

Laſlly, for the length of the Croſſes, they be as followeth. 

The Crols for the fide that goes but to 10 degrees, ſhall reach from 
10 degrees to'$ deg. 31' on the tenth fide, or the halt length of it is 

- from 10 degrees to 9 dep. 12/, 

The Croſs for the fide graduated to 20 degrees, is twice the length 
of AB, | | 

The Croſs of the thirtieth fide ſhould reach upon the Graduation 
from 30 to 19 deg. 47' (if you make ſuch a fide) which indeed is com- , 
mon. 

The Croſs for the fide graduated to 60 degrees ſhould reach from 
60 degrees (on that fide) to 30 deg. oo'. 

The Croſs for the fide graduated to 90 degrees, ſhould reach from 
90 to 36 deg. 52', 


The Uſe of this Staff in obſerving the Sun or Star. 


Ut one of the Tranſomes 'on, and ſet the center-end of the Staff 
(that is the end at B) tothe corner of your eye, and remove that 
Tranſome upon the Staff till you bring the center of the Sun and the 
Horizon to be jult clear of the ends of the Tranſome, and ſo have you 
{et the Staff well z but if the Sun or Star riſeth, it will require to be 
removed negzer in towards your eye if falling, to be further out, 
(w':ich you maſt not do) but keep what was at the utmoſt rifing, and 
the Tran{ome will fttand at the very degree and minute that the San or 
Star 15 at the higheſt, or the true Meridien Altitude, whole compt you - 
may work by, as you arc adviſed in Rules for that purpoſe to find the 


Latuude, 


III. Of the NoRturnal. EEG” 


Fio, IIL T2 Inſtrument is ſo generally known, that I need fay 
- | but little to itz and indeed a man may take- the 

Gurds as.well, or better, without it (if he be acuſtomed ſo to do) but 

tor clicir ſakes that uſe it, I'll give a ſhort Deſcription thereof . 


106 The Projeion of the NoSdurnal, end its Uſe. 


Its Deſcription. 


Hat part of it with a handle hath the outer Circle divided into 
# þ twelve parts tor the twelve months, and cach month into days. 
Now theſe are counted towards the left hand, and marked with the 
tirlt letters. of the months name,or more. There are two other Ci 
the outermolt is divided into 24 parts, for the 24 hours 3 the other 
into 29 parts, for the days of the Moons age, to find the Moons South- 
ivg and the Tydes. 

Some make one ſort of theſe Nodturnals, ſome another; one for the 
Guards of the Little Bear, the other for the Pointers ; but you may 
know which js which : for that made for the Gxards of the Great Bear 
(or the Pointers) have the 17th of Febrxzry on the top and if it be 
for the Guards of the Little Bear, the 21th of April is there. The 
back-part is divided into 32 points of the Compaſs, whereby you 
know the bearing of the Guard, and ſo ( by the Table of the North 
Star ) do find his declination 3 but I think (as I (aid before) a man 
may better gueſs at it, if he be ſo accuſtomed, 

The next part hath a long Index, as it were, with the edge conti- 
nuecd dire from the center, and that you turn to the day of the month; 
above that is a Circle divided into 24 hours : fo that when this long 
Index is ſet to the day of the month, and the other turned to the 
Grards, the fixeight fide of that other, gives the hour of the night up- 
on the Circle. | 

The moycable part above hath one ſide thereof from the center, and 
( when you obferve ) muſt be turned to the Gzard. Now in the cer- 
ter there is a hole through which you ſee the Pole-Star, and keep the 
moveable part above on the Gard, fo you may ſee what Guard it is. 


How to Obſerve with the NoQturnal. 


\y Hen you obſerve with this Inſtrument, hold it by the handt, 
with the back-lide towards you { but be ſure you hold it up- 
zight, for what it wants of being fo held,is a real error (which makes 
ane (ay,a man may guels as near without it for the Guard) but the tip 
over 2gaintt the handle is the beft Guide you have for the holding of 
k upright ): It being ſo held, look through the hole that is in the 
center upon the North Star, and the Guard, as | have ſaid before. 
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The Peſeription of the Crofiers. | 167 
To find the hour of the Night by the No@turnal. 


F you would find the hour of the Night by the Guards, ſct the ſhore 
] Index to the day of the month, ( and be ſure keep it there ) and 
hold it as I have ſhewed 3 and looking on the North Star through the 
hole, turn the long Index to the Guard, and tht edge of the ſhort In- 
dex (hall cut the hour of the Night 3 and likewiſe, tind (on the back- 
ſide) what Guard iris ( I mean, how they bear from the North Star) 
that ſo you may (ce the North Stars declination, cither above or under 
the Pole. 

We might find near enongh the Moons Sonthing, by this Inftru-" 
ment, and ſo Arithmetically the time of High Water z but 1 think the 
Rules for that (which Þ have inferted ) are much better, that this will 
not be uſed. 


IV. The declination and diſtance of the Croſiers from the South 


Pole. : 
l 
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The NAMES. Magnitude. 


The Weſt Crokier 

The Eaſt Crohier 

The South Crofier 
The North Crofher 


He declination of theſe Crofiers have not been ſo well noted as to 
begin print before, (as I know of ) and indeed the greatelt notice 

that I take of any of them, is the South Croſfier, or the loweſt to the 
Southward, whoſe declination and diſtance from the South Pole, Ido 
afſert to be truc, from my own experience, ( not but that the reſt are 
ſo too ) but I have not experienced them ſo much. I think my Bro- 
ther Mr. Andrew Norwood made theſe Obſervations of them, as in the 


preceding Table. 


P 2 


\ 1x68 Rules to. find the Latitude. © | 
This Conſtellation is called the Crofiers, becauſe they make a Croft, as in 
. this figure. - And. this is. obſerved 
North. of them, That when the North and 
X* South Crofiers axe direly over one. 
anoiher, they are upon +( or very 
Weſt, * - near ) the Meridian :. So that by 
looking upon them, you may know 
when to obſerve-them. They arc 


South. the beſt Stars that I know, for obs 
ſervation to the Southwards of the EquinoGtial, 


CHAP. XVFIL. 
Rakes to find the Latitude. 


T7 Book, ſo generally treating of Navigation, cannot want the 


Tables of the Suns Declination, and tor that reaſon I have 

placed them here 3 and for both that and ſome other occa- 
fions, that will be for the Longitudes, Latitude, Declinations, and Right 
Afeenſwns of fome of the principal Stars : I have ſet. them down here, 
after the Tables of the Swns Declination. I have alſo ſet down the 
feaſons for the Stars coming upon the Meridian at four of the Clock in 
the Morning, by which you may gueſs their other-tinies of coming up- 
on the Meridian 3 for that Star that at any time propoſed is upon the 
Meridian at four of the Clock in the morning,-will be upon the Meri- 
dian at three of the' Clock about fifteen days after, "and fo about a 
month aftcr, at two of the Glock; - and that's the reaſon 1 ſet theix 
ſeaſons down to them at four of the Clock in the Morning, becaule you 
will have their ſeaſon backward the whole night, they coming ſooner & 
ſooner every night to the Meridian. - If you deſire toknow the time of 
a Stars coming to the Meridian for any day, you may ſubſtrat the Right 
Aſcenſion of the Sun that day. from the Right Afcention of the Star 
( adding 24 hours ) the remainder ſheweth how many ſears after 
12 of the Clock at Noon the Star will be upon the Meridian. 

The Right Aſcenſion of the Sun for any day will begfound by his 
Dcclination, and greateſt Declination, as I have ſhewed before. - Not- 
withſtanding, I have here inſerted a Table of the Suns Right Aſcenſion | 
tor every degree of the Ecliptick, 'And for Stars near the EquinoQtial, 

-Or 


- 
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or 50 degrees from it, I have {et down their Longitudes and Latitudes, 
that ſo the Moons place may be diſcovered by her Longitude from any 
of them, eſpecially in her goth degree ; whereby the Longitude at Seg 
or aſhore, maybe nearly found : For the pefformance wheredf, I have: 
ſet down the Moons motion.and the beſt way I know,as you will ſee to- 
wards the latter end of this Book. I ſhall refer you to that, for farther: 
ſatisfaction herein, and ſhall treat now of the Rules and Reaſons for 
working an Obſcrvation by the Sun or Star z which I am the willing. 
er to demonltrate, becauſe I am ſure! many work: Oblervations, /antþ. 
know not the reaſon why they adde or ſubftract.: 


The Rules, and the Demonſtration of the Rules. 
for finding the Latitude by the Suns height from 
the Horizon, or diſtance from the Zenith, 'by 
the help of the Table of the Suns Declination, 


are as followeth vs. 


RULET, 


\ If the Sun be on the Meridian South, and have South Declinati- 
on, ſubſtratt the Declination from the Complement of the Meri- 
dian- Altitude of the Sun (or the diſtance from the Zenith) the 
Remainder is the Latitude of the place North ; but if the De- 
clination exceed the Zenith-diftance,then ſubſtraft it from the 
Declination, the Remainder is the Latitude South. | 


EXAMPLE 1. 

SuppoſE being at Sea, and the Sun being obſerved to be on the Me- 
ridian South' 37 deg. 3o' from the Zenith, or 52 deg. 39; from the 
Horizon, and at the fame time hath 12-deg. oo! Declination South 3 
What is the Latitude ? | L 
md, 


Zenith-diſtance of the Sun 37 30: 
Suns Declination South, ſubſtracÞ 12 00 


The Latitude North | - 25 30 


Rules to find the- Latitude. we Log, © 


Rnles to find the Latitnde. 


Demonſtration. 


Fjo. 1. = the Circle ADBC repreſent the Meridian, Athe Zenith, 

8 B the Nadir, G D the Horizon z then I ſet off 37 deg. 
3o' from: A the Zenith, to F, and this is the Complement of the Suns 
heighth (or diftarice ( at Noon ) of the Sun from the Zenith); then 
confidering the declination is South, I ſet off the 12 deg. Northward to 
A, and draw the Line A AX for the EquineGial : (for the EquinoRial 
lying 90 degrees from either Pole, muſt needs-be to the Noxth. of the 
Sun when the declination is South.) KL is the Tropick of Cancer, 
and HI the Tropick of Crops : , Hereby will appear plainly the rea- 
ſon of the Rule, ' why the declination mult be ſubſiracted z for it ever 
holds good, that the Equinodtial heighth of the Sun from the Horizon, 
is equal to- the Complement of the Latitude, and the diſtance of the 
San from the Zenith, equal'to the Latitude 3 in ſuch cafes as theſe, and 
_ the dedination bei th, muſt be further fromthe Zenith, therefore 
/ the EquinoGtial muſt be nearer to the Zenith, which is equal to the 
Latitude, 


EXAMPLE 2. 


Suppoſe being. at Sea, I\ obſerve the Sun to be on the Meridian Sourh, 
and. 10 deg. 00 diſtant from the Zenith, and the declination being at 
the ſame: time South 20 deg, 3o', What is the Latituidy ? | 

. m @4, 
The. Suns declivation South "20" 3) 
The Suns diftance from the'Zenith South, ſdbfira@t®* ' 3&' '00 


The Latitude South 110 30 


. Demonſtration. 

- 1. JO He Scheme being projetted as before, the Suns decling- 
Fig I T tion being; Sourd. and the Sun diſtant 120 degrees South 
of the Zenith, I draw the parallel of the Suns declination'F I; baving 
firſt at 20 degz 30'Northward,drawn the EquinoQtial A A}, which falls 
of neceflity 10 deg.730' to the Northrof the» Zenith 3 and-ebnſcquently 
the Poles being 9o-degrees. diftant on: cither fide-from the: Equinodial, 
the South Pole is to deg. 3o' above the Horizon at S, and the Noxth 
Pole at N is f6-much deprefſed under the Horizon at D: fo it is plain; 
that the South Pole is clevated 10 deg. 30' as CS, therefore the Lati- 
wade is South. | 


9 | . RULE 


Ries to find the Latitude. way 
RULE IL. 
The Sun being on the Meridian, on the South, and the Declinatian 


being North,adde the Declination to the Zenith-diſtance of the 
San, the ſum is the Latitude North. _. To REA 


EXAMPLE f a2) 
Suppoſe 2 Ship being at Sea, the Sun being obſerved onthe South; _ 
on the Meridian 30 deg. 30" from the Zenith, and the declination be- 
ing then 15 deg, 39' North, What is the Lacjrude ? 
| d, m. 


Suns diſtance from the Zenith 30. 30 
Suns declination North, to:bcadded + ___ 15. - 30+ 


Latitude North 46 ©o 


Demonſtration. 
Fig. UI. BY the Scheme it appears; that A F, the Sans diſtance 


from the Zenith, and FLA, the declination, make the 
EquinoQtiak-diſiance from the Zenith, Which is equal to the Laticude, 
and therefore in this caſe muſt be added together, 


RULE III. 


. The Sun being on the Meridian, on the North, and hath North 
Declination, ſubſtraft the Zenith-diſtance of the San from the 

' Zenith, from the Declination, the Remainder is the Latitude 
Northerly? but if the Suns diſtance from the Zenith exceeds 
the Declination, then ſabſtra#t the Declination therefrom, the 
Remainder is the Latitude Southerly. 


EXAMPLE 1. 

The declination being 20 deg. oo" North, the diſtance of the Sun 
from the Zenith to the North at Noon 12 deg. 3o', What is the La- 
titade ? d, me 

Suns declination North 20 Oo 
Suns diſtance from the Zcnit1 North, ſfubſirak '12 30 


Latitude North  ©7 30. 
| ' .Pemonſtra* 


ir2 Rules to find the Latitude | 


| Demonſtration. 

"yy He Suns diſtance North from the Zenith is"12 4p. 36” 
Fig. IV. T which is to be ſet off accordingly to F, 'and te Jet 
nation being North, ſer off the declination 20 eg. .00' towards the 
South 3 for ſo it ought to be, that the declination parallel may 

* the North of the EquinoRial : '{o it will plainly appear, that . 
AF, the Suns diltance from the Zenith, being taken from  F chESuns 
declination, or diftance from the Equinoctial, muſt leaveA A, the di- 
ſtance of the EquinoRial from the Zenith 3; which is equal to the La- 
titude. 


E XAMPLE: 2. 


The Suhs declination being, as before, 20 degrees North,” and the 

Sun at the time of the obſervation was 40 deg. 15' from the Zenith 
'Northward, What is the Latitude ? 

a d, m. 

The diſtance of the Sun from the Zenith North - 40 15; 

"The Suns dedination North, ſublira&t -.* 20' 00 


'S TheLatitude South | 20-25. 


Demonſtration. 


. 4 He Suns diftance from the Zenith bein deg. 15' 
Fig. V 3 and the declination North, 1 firſt > DF, 
"ſetting the Zenith-diſtance' to the North 3 then the declination being 
\ > North, I ſet it off, being 20 deg. 00" towards the South, and there is 
the EquinoRial, which I find to be Z, which by the work'F-Z. being 
ſubſiracked from A F, leaves AZ, the: EquinoRial-diftance from the 
- Zenith, which is <qual to the Latitade, Then ſetting off the Polar- 
 diſfance from the EquinoGia) 90 degrees, we ſce: that.the point N, or 
North Pole, is deprefſed under the Horizon at D, and S the South Pole 
elevated above the Horizon at C, 20 deg. 15'; fo that CS is the Lati- 
tade or Elevation of the South Pole. 
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174 Rules th ſind 1he Latitude. |} 
the EquinoQial, then the North Pole muſt be above the Horizon, and 
therefore the Latitude North : If the Sun be in the EquinoQtial'to the 
North of-the Zevith, the South Pole will be above the Horizop, apd 
the Latitude , as is very plain in the former Schemes," © - ©) 


RULE VI. 


If the Sun be in the Zenith, that is, 90 degrees above the Him » 

"za, then the dechnation, either North or South, is the Lati- 

rude. | | | 
Deatenfration. 

' S here the Sun being 10 degrees diftance from tte 
Fig. YI A Equinedtial: South from XX to A, or having 1) 
degrees South declination, cauſeth the South Pole at S to be clevate 1 
10 degrees above the Horizon at C 3 fo that the Latitude is 10dc- 
grees South, the ſame with the diſtance AZ : ſo that the Sun being 
in the Zenith, the declination of the Sun is equal © itude. The 
like is to be' undertiood; if the declination wereNorth, Ghen would the 


Latitude be North, as iscafic tobe conceived; | '\ 1 [11 / of 

i V1 bow. onmot 1c PUBS «od ns ay he 

Ff you be within the Artick or Antartick Circles, .and obſerve the 
Sun upon the Meridian, under the Pole, adde the Suns decli 
uation to the Can—_ of the Altitude ( or diſtance fromthe 
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raft the fum from 180 degrees, the remuin- 
devationof the Palex' oil © ne ond 147 1 
| \ 4 T \ YI 8 | | \\ 490 
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The foregoing "RN Rules otherwiſe briefly Hnuleed. 


= He Suns Meridian Altitude obſerved at Sea of Land in any part of 

the World, the Latitzde of that place, by 4 of them, may be 

known 3 in which there are ſeveral Caſes, as the Sun hath 

cither North or South Declination, and as the Sun'is fhtvate, he being cis 
ther upon the North or Soxtb. fide. of. the Meri The fever Paarry 


rietics are theſe which follow. 
>. +  ( The Mrridian-Altigde 
| 'S OUT H Gde of the \ taken, from 9go'de- 
When the Sun is in} OT 07 grees, leaves the E- 
the Equino@ialha- |_ 5 | Fevationof the North 


ving no Declinati- ] | Pole. 
on, and the Meridi- ? The Meridiax- Alticuds 
an-Altitude is ob- taken from $go de- 
"trretorte ——TNORTH-fide-of t - grees; leaves-the Ele» 
3. Meridian, vation of the — 

Pole. 


*C If the Meridion-Altitille be yrs a go degrees; i ant the:Sar 
upon the South-fide of the Meridiang the, Suns, Declination 
being taken from the Merilian-Altitude, ves the height 
. of the Equinodis! z which taken from go degrees, gives 
"the Latitede North. »9 

If the Meridian- Altitude be leſs than god es, andthe Sun 
e the Meridian-Al- 


contcnnr yoo 'But if he fu-of the Detitetion and 41- 

—_ exceed go degrees, take 90 degrees qe ym _ 
| retfiainder is the Seb, b1s 
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_ © When the Sun's Declination is 
PAY 


t1s To fiolubodiftanchoft aryenoplcer, 
"If the Meridian- Altitude be leſs than go degrees, and the Sun 
[4 | upon the North-fledF the-Moidian, adde the Alrimude and 
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F if -_ Meridian-Altitude be leſs than go degrees, and the Sun 
pon the ore 'North- of the Meridian,ſubtradt the Dec/inaty 
Eon my” ; wo _—y is the ha 
of the EquinoGial > w taken from 90 de ces, Jraves 
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When the Sun's Dpliyatlps is 
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(NORTH,) If the Meridier-Altitude be " North. 
. 90 6 Re Th the Suns Dedinat 
South 


Latitude 
If the Meridian-Altithde be obſeryed under. the Pole, within the 
bounds of the Polar Cireler, in ſuch caſe the Sun's Declination muſt be 
taken from 90 degrees, and what rertiains is his diſtance fromthe Pole; 
which being added-.to the Meridian- Altitude, the ſum is the TRE of 
the place. . - | 
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\ 'C HAP. XIX. 
How to find yh diftance'of auy. two oo yo _ 
Terreſtrial Globe, by the Plain Scak. | 


I. Two places which differ in Latitude ouch, to ” His a 


ftance. 


"it Karo abks nib both eiches TOE DFT tos 


When the Sur? $ 
Declination ig - SOUTE, 


on is 
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liraR the lflerout-of the ;greater, the remainder.) po 
_ diſtance - which mul plied on "ns doit by ditta | 
in m 


Example. Lakes and Shniabiery 
Meridian, and both on the —_— 


A. 


he oc. woler the fre 
hath 


25.10 «rid tacPloiniCoutet wh ot Why 
hath 51 deg. 30', and Tho!ow 43 deg. both North 1 atitades 4.3:deg- 
ſubicaed ſrom. MAS, 32 1446) & eg 30:4-:Whigh d into 
miles by mulciplying the de rees by 60, ard "ging for cvexy.mioutc 
one mile, makes 510 miles tor the diftance of thoſe two places. * 

j Nor i Af {he grhgr: Sous LeYjturke; 

} 3h d£ 2buignol] F_I 
5k deg. 3% Nath, rand. tha Mind: Zridan 
$eachath hatygdr Sourh 3$, 4464 the hum of 
FN 30" > Which mulyplicd by 69,- is $370 


the two. Latitudes is.8g 


railes, and (ach is their dillance, _ | | 
= wo plices which differ onely in Longitude, to f1d their di 
ance. | s ; 


* . 
Fr If the two places propoſed, 'do both lie direQly under the £quj- 
notial, and fo have no Tagirude,' ther their difference of Longi- 
tude; if lefs than 1$6'degrees, 1s rh&tr diftance. \SUg re” 

Example, The Iſland Sr. Thema,” ard the Ward Swrztre., Ne 
b>»th under the DquinoRiz?, 'St. Thoma having Lonyitude 35 / 38, 
and Smnetra 134 deg." 30, their differenice® is ' 99 degrees ills re- 
duced into mo wy oh tor their dilfance. © TY hi 

*, But if "the two places lie not under the EquinoQ ial.” Ioy 
ſome other Parallel; between iqhef of the-Poles; ea pete ok 

Let the two places be London and Gipiſon it. Rieſſia, both Fig TV 
in 51 deg. 30' of "North Latitude, ir rs Lon- Fig. IX. 
pitnde 45 deg. Firſt, Take 60 deg. of your Scale of Chords, and witch 
that diſtance on the point C, deſcribe the Cirele KLQ I, and draw 
the Diameter A C Q, Secondly, ( becauſe the places differ in Longi- 
tude 45 deg._) Take 45 deg. out of the Scale, and ſct them from Z to 
M, and draw the Line MC. Thirdly, Take-51'deg. 30o' the Latitude 
of both the places out of youyg Scale, and ſet that diſtance from M to 1, 
ag draw the Line 1B perpendicular to MC, Fourthly, Make the 

nce AE D <qual to M B, and draw the Line BD, fo (hall D B, mea- 

{ured upan your Scale of Chords, contain 27 deg. 40'; which reduced 
into miles, make 1660 for their diſtance, 


wy 
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To find the diftence of axy two Plares Fee. 


INT. no plc which der th in Lngtde nd Latiacde, to 
their diſtance. 


| thy >") the two places be London, Landes in Nevh Latitode $1 deg. 3 | 
gale 26 oe, cg OE 'Latitude 31 deg. 1 
itude 71 


their diftance, Firſt, With fo degrees 
ſcribe the Circle A L.Q_M, as before, and draw the Diameter X 
Secondly, Set 45 degrees, the difference of 
and draw C M. © Thirdly, Set one of the Latitudes (as that of London, 


$1 deg: 30' from Mol, MAINELY icular-to-M'G. Fourth- 
ly, Sct the other Latitude 31 deg. 40 Jon and draw L A per- 
pendicular to FQ. Fifthly, Take the dj AB, and ſet it from A 
to E. Sixthly, Take the diſtance B I, and ſet it from LtoK,'and 
LtoH. Laſtly, The diſtance from K.toE, meaſured upon your 

will give you 38 deg. 51' for the diſtance, of, the two places 3 which 
converted into miles, i is. 2331 miles. 

This is, when the two places propoſed arc both in one and the ſame | 
Hemiſphere, as in this Example they are, both. to the. Northward of 
the EquinoQial, But if horny phos poy are ſeated one in 
RECH us a get LK he 
HE (LH being made to LK) gives t 
if London were OE = _ — $1 
place were in-South Latitude: 3 1 deg. 40), iffering in 
deg. HE the diftanee being meaſured upon your Scale, a 
. cauſe it is longer than the Scale) will give you 96 "yy for 


© ſtance, which is 5760 miles. 
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The Sun # Stars 


LONGITUDE, DECLINATION : 
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Subſervient to find the 


LATITUDE. 
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3]21 4721 24 I4 31121 ©4 
4/121 38[22 21 14 12122 0O1 
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6/2r 19124 15 I3 $5123 57 
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8/20 58]26 10 12 $6125 52 
1 $120 47[27 ©7 I2 36[26 50 
IO0/20 36128 0O4 12 16[27 4s 
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151g 34102, 51 10 34j02 38 
6/119 21j03 '48 lo 13103 36 
17119 0714 46 O09 92104 34 
1918 53/05 43 09 3105 32 
i918 39 06 40 O09 09106 ,.ZO 
2018 24107 . 36 o8 48107 25 
2118 10j08 35 os 26108 27 
22117 -55]9 33 08 ogjo9 25 
2317 3910 30 O07 42Jlo 23 
2417 23|11 2c O07 20[11 21 
25.17. .07]12 _ 25 o6 $8112” 15 
2616 51ſ13 24 o6 35113 18 
27,16 34jl4 20 06. 13114 16 
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itude, Latitng he A tenjion and Declinarion ff 
certain fixed Star n the EquinoQtiatand' 50 deg; off 
clination from it ; with'thei | aferend ws | 
| Latit. [RA Decli.. 
IN  mbide. md 4d; wars 
| 24The Whales Tail 27 as 20 4710 ( } 52) 
2.]{n the Girdle of Andr.[Y}25 41 N'25 59112| 42]N|83.52 : 
3\ſn the Whales Babhl. : 
N 
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e. 
6' 3£ 
the Weſt YIo7 1031S [16 55113 17 12 43/ July | 
\ 34ſn the Whales Back] : 
| the Eaſt ly]: 38] [45] 45116 $1 
31 the Whales Belly 147 17]s-  19]23 "Y 
In 3) | 
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17-36 
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{3 And 2 
| £5 in the RamsHora thel | 
| firſt 28. 25iN67!: 0 4q | 
In the South Foot off |, | | 
Andromida '31]N'27. 46/25 54 
{In the Rams Head 5102. Is 
Perfin's right Should 
Briteſt:in Whales Ja 
Medaſa's Head 
; As we right 'Side v 
phteſt of the Pliad v 
Butls Eye, Mdeboron {77105 
Goat or Waggoner {q 
ln 'Sleft Foot | 
Wa wars 
1Orion's left Shoulder 
{Firſt in his Girdle 431323 38178 
Zecond in his Girdle {n[1$ 4613 24. 33179 4| 
Third in his'Girdle 19 55 '25 21180 57] J 15.C 
Wagg: right! Shoul dIN 21 28183 53 N44 $1 
Oriar's right Shouldeyq{24 0241S [16 06184 16]No07 17 
Great Dogs F $'41 18|92 03jS 117-4 
7 * jla che bright Foot of 
| 6 roodres (moo S104 2] os 48[94 33]N'16 38 
: cat in hifs 9 30197 51429 1 
n therupped Mead off j-* = $4 . ] , 
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The | | 
certain fixed Stirs between the, Eq 
Declirtation from it; witiYtheir Magnitudes and Seaſons. 


mo F- 1 
Longitude, Lati Ri bt Aſcenſion, and Declination of 
a uinoQial and 5 o deg. off 


2 Longit.| | Latic.*]R."Aſce] | Dedlic ft. © 
— AP | Longit, | | Decli. | 
F TROTIEINGs de. mid de. mide. I nj o100s. 
2 [The kefler Dog 21 -Tof5 | 06 U3|Novem, 
{2 [ſn the lower head : 
Pollex 18 28 47)Novem.s5 
1 |Hidray's Heart 7 14/\Nov. 30 
i {Lions He 13 35|Decem. 9 
2|Lions Neck 21 31/Dec. 11 
2 [Lions Back 22 23|Dec, 23 
1 Lions Tail 16 23/Dec. 31 
1 [Virgins Spike O9 21\Fan, 2 
1 |Ariiurus 21 19'Feb. : 
2 [South Balance 4 34/Feb, 14 
> |North Balance os os 21 
2 
27 54Feb. 27 
25 34/Mare. 12] 
20 30\Mare, 26 
28 32 April 18} 
o8 03 6 
3 [Dolphins Tail |={og 0 Hrs 17 
2 in the ' Swans 
Tail X00 44 07 May 20 
2 Water pdbwer;| | _ = aged Þ 
| XRlog 5 [17 37; Fane 20) 
1 |Fomahant =1[29 S 131 20 Fane 20) 
2 \In Pegaſus Leg, [X[24 26 19 Fune 2 
2 [Pegaſus Shoulderſ3(118 
2 |The Head of A4n- 13*25; Fane 23 
dromida y(09 17 15; Fuly % 
2 [The laſt in Pege- 
ſis Wing Y 104 13 35) Fuly 
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The Right Aſcenſion, Declinawon, and Diſtance 
from the North Pole, of ſeveral Stars; wi 
their Seaſons for obſervation. 


The Names of the Stars. 


n the Brea(t of Caſfiopera 

e North Star 
'n the Hip of Caffopeia 
in Caſſiopeis's Knee 
in Caſſtopeis's "46:2 
n Perfin's ri » 
[n the great Side | 
In the great Bears Back. 
[on the great Bears Thigh 
in Dragons Tail che lali but one 
In the great Bears Rump 
Between her Tail and the Loins|18 
Firſt in the great Bears Tail 
The middlemoſt is her Tail 
la the end of her Tail 
[n the bending pf Dragons Tail 
The foremoſt Gourd 
The hindermoſt Gourd 
{n Dragons Head foremoſt 
in Draguns Head hrindermoſt 
In Cephess Girdle 
{n his l:ft Foot 3 
In the Backof Caſſiopeia's Chear 
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LHe of the North Stars hes 
6 = ore bearing of the foremoſt Guard from it. 


ht,above or under the Pole upon 
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North Star, and Guard,to be both of an 


The Tſe of this Table. *® 


Dmit I obſerve the North Star 
when it. is a NN W Gmard ; [ 
look in the Tables, and againſt NN W 
I find 2 deg. 29' : this 2 deg. 29' muſt 
be ſubitracted from the Altitude of the 
Star taken by your Staff, and the re- 
mainder is the Latitxde; becauſe the 
Star was above the Pole, or higher than 
the Pole, by ſo much, as in the Table. 
Admit 1 obſerve the Star when he is 
under the Pole upon a SS E Gard ; 1 
look, and find it is under the Pole 2 deg. 
29', or lower than the Poles Elevation 
by fo much : therefore 1 muſt adde it 
to the Altitude taken, and it gives the 
Latitude. The like is to be underſtood 
at any other time 3. but I fice theſe 
times, becauſe they arc the beſt times 
for obſerving the Star, in regard of its 
flow aſcent or deſcent at thoſe. times : 
for you ſee if you gueſs the bearing of 


the Guard a whole point amiſs, it will 


be no ſenſible errour, the Declination al- | 


tering but 74 in x whole point, 
\. Upon an Ealt or Welt Guard is a 
good © fire, . becauſe by obſerving the 


height, you are (ure” the Guard is ar 
Eaft or 
the Uſe of theſe Tables. 


et Guard, Thus much of | 
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CHAP. 


"222 To:fad the Prime, the Epatltm 
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"CHAP. XX. 
To find the Prime, the EpaS, the Moons Age, 8c. 


I. To find thePrime or Golden Number. 


"I" He Prime {ignifes 19 years, in which tire the Moon makes all 
+ her Revolutions and AſpeQts with the Sun, and is retuzned to 
the ſame place in the Zodiack that ſhe was 19 years before. 

"To find it, adde 1 to the year of our Lord, and that ſum 
divide by 19, the: remainder of the divifion is the Prime 
chat year. 


Example, for the Tear 1684. 


Adde 1 to the year, and *tis 1685 3 which divide by 8g 
19, teaves for the Prime 13, which is the xemainder of the X 
diviſion. 


2. Tofind the EpaCt. | 


T= Fpad is the difference that is made in a year between the Sun 
and Moons Reyolution ; and *tis thus found : | 

© See what the Golden Number is that year, and divide it by ; 
Now for every unite that is left of the diviſion, count 10, and adde it 
to the Prime if the number exceed 30, the Epatt is what it is above 
03 if it bejuſt zo, the Prime and Epad that year are both one ; it it 

b Icfs than 30, the number it {elf is the Epad, 0 


Let the Prime be as before, (for the year 1684,) 1 3. * 
divide it by 3, and the remainder of che diviſion is x : 'this ,r3'4 
I call 10, and adde itito the Prime 13,- it anakes 23 the E» FX 
p47 that year. | 
3: To 
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LA 2_* 5 


_—> | | 
3- To find the Moons Age. 


Dde the day of the month, the months. from March ( counting 

March one ) and the Epadt for the year , all three. t 

and the ſum. is the Mons Age, if it be leſs than 303 but if it be more 

than Zo, caſt away 30, and the remainder is the Moons Age. - Onely 

cbſerve to tell the months from March, thus: for March 1, April 2, 

May 3, June 4, Fuly 5, Auguſt 6, September 7, Oftober $, November 9, 
December 10, January 11, February 12, 


Example. 


Let it be required to know the Moons Age the 20th of 
Septem. 1684 : I adde the Epad 13,and 7 tor the months 
from March, and 20 the day of the montli together, and 
ft makes 40 » from which I take 3o, and the xcmainder is 
the Moons Age that day, namely. 10 days old. 
If you would know when it is Fxll Moon.it is what her Age wants of 
153 and tor hex Change, what her Age wants of 30. 


. 4: To find the time of High Water, by the Moons Age. 


AP it be certainly known, that at a place it flows at 6 of the 
Clock ar Full and Change , I demand what time "tis Full Sea 
when the Moon is 7 days old, 


Example 1, 


Multiply the Moons Age by 4, aud that-pro- 
duct divide by 5, and the quotion ſhall be the 
hours, the remainder of the divition the mi- 
nutcs after 6 of the Clock in the morning, that 
'tis Full Seca, In this cafe it is- 5 hours and 4 
of an hour, or 36 minutes, 1 ſay then, that when the Moon is 7 
days old, it flows 5 ho. 36' later than 6 of the Clock, which is 12 ot 
tne Clock 36 minutes, | , | 
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Example 2. 


Admit the Moon were 14 days old, I demand the time of Full Seas 
I multiply and divide, and the*quotion is'rt ho.yr2! z which I adde 
to 6 ho. and it makes-17 ho. 12 3 from which if you take 12 hours, 
the remainder is the hour of High Water in the afternoon, which is F'a 
Cleck r2'. : 


Example 3. 


If the Moon were 15 days old, I multiply and divide, and fand the 
quotion is 12, and the remainder is 00 3 from whence I conclude *tis 
High Water at 6 of the Clock, and that it is a full Moon. Now after 
that time of her Fl, you may reje& '15 days of her Age, and reckon 
her Age above theFull, as though it were her Age indeed. 


Example 4. 


Admit the Moon were 19 days old; I multiply and divide, and the 
quotion and remainder is 15 ho. 12'; which adde to 6 hours, gives 
9 of the Clock 12' for High Water, in the afternoog or morning, 
( There may be 22' or thereabouts, added tor the afternoon Tyde,Sec- 
cauſe of the diſtance of time.) But now I ſay, if in this Example you 
bad negleQcd the 15 days of the Moons Age, and multiplied 4 by 4, 
it would have been 16; and that produ@ givided by 5, would have 
been 3 ho. and 12'; which added to 6 hours, is the morning Tyde, 
9 of the Clock 127. . 


5. To find what year it is from Leap-year. 


Bo the year of our Lord by four, and the remainder of the di- 
vition is Leap-year 4 or it.you negle& the thouſand, and the 
hundreds, and the ſcores, and divide the remainder which is- unde#a 
ſcore, it gives the ſame thing. . 7a 


Example Is © 
FF. 


What year from Leap-year is 1684 ? Here, if 1 (o. 
divide 1684. by 4, the remainder is.o'; and'if I di- r#8+ gt 
vide 4 by 4 ( and negle@_ the ſcores and all above” 44 5 


it ) the remainder is © : (© that from hence I con- (o 
clude this year 1684 is Leap-year- 4 
Example 2, ? 
What year from Leap-year, is 1686? 1 divide 6 (2 
by 4, and the remainder of the diviſion is 2 : from #(1 
whence I conclude, it's the ſecond year from Leap- + 4 
Fare 


6. To find the Dominical Letter for 1684. 


Dde the year of our Lord ® 1684 
A And one fourth of 1684, which is | 0421 
And 4, together - 0004 
The ſum is | 2109 


Divide that ſum by 7, and note the remainder of — (2 

the diviſion, which here is 2 : ſubſtra& it from 7, 2x#g (301 
and the remainder is 5. I fay then the Dominical 7 7 
Letter is the fifth Letter in the Alphabet, namely E, 

for the year 1684, | 


- 


> 


————_ —_—__ 


. © 

V7 I was a Youth of about fifteen years of age, I went to Sea 
under the command of Captain Kempthorne of New England 3 
and after ſome hardſhip, and about eight months time ſpent on that 
Voyage, 'we loſt our ſhip at St. Antonier ( one-of the Cape de Verde 
Iſlands ) and to tell what we endured then, would be too long a di- 
freſſion : but to be ſhort, we built a Boat out of the pi of the 
(hip that drove aſhore, and went over to St. Vincent ( an theres 
by ) where was ſome Bandeded Portagatr; Roman Catholicks in their 

Perſwaſion, and it being Swnday, ay hog Kid a roſting 3 but we 
had., 
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had loſt a day, and counted it Saturday, and he we ſhould have 
had the Kid,obecauſe it was their fifth 'day, bat found the contrayy, 
and by them were fatisfied that it was Sanday, or elſe had gone to Sea 
in pur Boat and miſſed Barbgdoes. (for ought T know ) 3 

cced@ in our Voyage and arrived in. our Boat very fafe fifteth Souk 
of us, ( Gods Name be praiſed.) Now this is Argament enough to 
me to ſet dowa the following Rules to find the day of the Month, 

. » 


And 1: To find what day of the Week the firſt of March fall 
on, my Father comprized theſe Verſes. | | 


Some of the Tear, one forth and two, 
Divide by ſeven, the reſt count you. 


From Sunday to the firſt of Mzrch, including both. 


« T. Example Anna 1684. 


The ſum of the year is 1684 
The one forth part of it is 421 
To which adde 02 


GC — mr rn 


: The ſum js 2107 


Which fum divide by 7, there remains © of the diviſionz- from 
whence I conclude, that this year the firſt day of 
March is of a Saturday, It the remainder of the di- (32: 
viſion had. been 1, I would have counted it Sandayz 2/#87 (300) 
if 2, Munday if 3, Tueſday 3 it 4, Wedneſday z, it 5, F777? 
Thurſday, it 6, Friday it 7 or ©, Saturday.. 


2, Example 1685, ® 


The ſum of thi year is 
The 2 of that fum' is 
To which adde 


Sar 


" | 
Which ſum divided by 7, leaves the remaining (tr | 

part of the diviſion'to be 'x : from whence T conclude > #2 8 (302) 

the'firſt day of March will beof a Sunday the next PP © 


year 1685, 


Secondly, 


ThlLyhhe meh wil beth iy of March. 4p 


Secondly, To find which 1 the frſ ſeven days wy month i; is 
that day of the your with the firſt of March” mono 


For the caſe of i LS my Father comprized this Pintck: 


SO OT oo © 


= 6 
= = NR = _ 

; © IL $KY 
all ww ee, * - ww 
An end comes grateful 


From Death, and Fears-conta 


Theſe twelve words fi 2nifie (in their firſt letters  ) twelve num- 
bers of the twelve Months of the Tear, beginning with: March.. - ( A) 
then being: the firſt letter in the x the farſt of Mareb ; 
(E) the fftb lecter, Ggni ifes the 5< of x11(C:): the rhird..letter, 
) ſignifies the third of Mayz (G) the ſeventh dns fignifies the 7th: of 
June : and © proceeding with: all the xeft.' *Now theſe bays of each 
month are all the ſame week-day that the fuſt of Marebis : As, if the 
the firſt of March be Smnday, then the 5th of April is Sunday, and fo is 
| the third of May, and the 7th of Fne, and the amo th of \Faly; and the 
ſecond of Auguſt, and the 6th'of Sept er, and the 4th of October, and 
the firſt of Noventber and the 6th of , "and th© third of Fanu- 
ary, and the 7th of February : - Or if the firſt of Merch hall beer" any 
day clſe- of the week; the reft would have been the ſame _ of. the 
week, Oc, 


Thirdly, Admit 1 know not the diy of the week,” moral 


wee it is in the month, whether the vs "ſecond, 7 ted 
as I erm the day of the month. 


' \þ Frxample, Ty ud A v1} 


S he fourth week , 6 
a nba Jy pk wg 


. 1x48 What dayofthewweek will be the firſt of March. 
Firſt, find the firſt of March this year, as hath been ſhewed, * 
The remwliding part of the diviſion'is ©, 
therefore, according to. the Rule, the firſt of 1684 
March was of a Saturdey. And by the pre- , 421 
ceding Diftick, the 766 7ow was of a Sa- 2 .2X&F(301) 
turdayz and then muſt the next Saterday Te P77 
be the 14th ( for the ſecond week in Jane) ©" oy 
\ and the 21th. of a Satxrday for the third, 
week, and the 28th of a Satwrday for the fourth week ( to which 
adde Srwnday and Munday, which is two days ) and, it makes Muy 
dayin*the fourth week in Zune to be on the 3oth day : The like for 
any day elſe, 


AS © A. 


It may fall out, that a man is to ſeek, what week, it is of a month, whether 
the firſt, ſecond, third, or fourth, and yet he may know what day of the 
week it is two : Butt now in this caſe, bow ſhall a man do to know what 
day of the month that day of the week, is ? 


For this ( the beſt way that I know ) is to help himſelf by te 
Moons Age, if he can conjeGture what age {he is within a few days ; 
which he may do ſome way or other, either by her bigneſs, or her fob 
lowing the Sun- upon her increafing,. or ridmg/after the.Sun upon her 
decrealing : or if a man. be aſhore, he may gueſs withjn a few days che 
age of the Moon by the Tydes. | | 

This premiſcd, that* we may gueſs at the Moons age within a few 
days, we'll ftate the Queſtion. 


Fourthly, Admit upon a certain Munday in July 1684, I would 
know the day of the month, but know not what week of the 
month this Munday , whether the firft, ſecond, third or fourth, 

and ſo not whether it be at the beginning, middle, or ending 


of it. : 


Or the, reſolving this doubt, I look upon the Moon ( if | at Sa, 
where 1 cannot ſee the time of the Tyde ) and 1 find (he. is in- 
creafing nor far from the Sun,. ror very near him, and therefore Ill 
gueſs the Moon to be ſeven days old, and the Epa this year is'23, 
and July being the fifth month, I adde theſe two together, -( namely, 
the Epad? and the month from March }) and they make 28 3 to which 
if you adde the ſappoſed Moons age ſeven days, it makes 35 3 from 


The Extra&ion of the Square-Root. 149 
which ſubſira& 30 (becauſe irs above a whole Moon ) the remaip- 
der is 5 for the day of the month; but by the Diſtick the 5th day of 
July ſhould be of a Saturday, and therefore Munday being two days 
after it, is the 7th day of the month. This, when your- Epad and | 
) months from March be more than the ſuppoſed Moons Age, q" 


# 
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._ CHAP. XXL. 

WW How to Extra the Square and Cube Roots of any 
number, both by Arithmetick,, and by the Table. 
of Logarithms at the end of this Book, 


! 
, I. Of the Extraftion of the Square Root. 

He Square of any number is that number multiplied by it ſelt> 
; as 4 multiplied by it ſelf is 16 ( the Square of 4); and the 
|; Root of any number is the number it ſelf, as here 4 is. the 


, Root of 16. *And it is requiſite that the young Sea-man or Gunner 
ſhould readily know the Squares of all the nine Digits 3 which this 
Table ſheweth. 


Root 2 3 CLUIMCEERETS 
Square 1 4 9 16 25 36 49 64 $1 1/69 
; d , 


4 . 
| Example 1. yt 49 


| Admit I would Extrali the Square Root of 4096. 
| I ſet my number down, and draw a crooked Line 
for a Quotient, \ as you ſee Here in the Margen, and © __ 
prick the firſt figure from the,Quotient , and every o- 499% C 
ther. Now ſo many figures as there is pricks, will * * 
be the number of figures contained in the root of the 
given number. 

My ſum being thus fitted, I ask what is the great- 
eſt Root in the fivſt Square 40, and I conſider 6 is the 
neareſt leſsz for 6 times 6 is 36: ( note, always to 


tdo The Extiatlion of the Square Root. 
take the neareſtleſs.) Ser 6 in the Quotient, "* 
+ Yand 6 upon the prick, and ſay, ( asin com- 42 96(6 
mon Diviſion) 6 times 6 is 36 from,40, and ' 8% 
the remainder is 43 daſh as you go, and the 
ſum will ftand thus. 4 
This done, double the Quotient for a new ' 49 96(6 

Diviſor, - and the furn fiands thus, ——- * — gr 
Then ( as in common Diviſton ) ask how I 

many times 1 you can have.in-43 ( but take 

this care that you take no more times than 

that- ſo. taken-and ſet upor)- the next prick, 0M 

and, multiplicd in it ſelf, ( as well as the 0- 

thets by it ) will be eaken out of the retmain- 

ing Diviſor : ) and with this caution, do as 

in common Diviſion, and your fum is done, 

and ſtands thus; 64 being the Root, and no- 

thing remains. 


Example 2, 


Admit I would extrati the Square Root of 
37587( 


Firſt I ſet it in order, and proceed in the , » 44 2(193 
ſame manner as.in the laſt Example,and the x z 3 3 193 
Root is 193; and a part of a uvite above but 

' i you would prove whether this Root be ex- 
trated true, multiply 'the Quotient in it ſelf, 
and adde in tie remainder of the Diviſien, 
and the Produdt will be the Dividend, as you 
may ſee in the Margen, 

If you would extra& the came Root to 
the tenth part of a unite, "tis but adding two - 
Cyphers to the Diviſor, with a little dath,be- 
£wcen, and the Root will be as in the Mar- .. 
gen, 193,83 thatis, 193 and 5 tenths of a | 
unite. If you would have it done to, the Z 8 # #S 2z(6. 
hundreth part of a unite, you mult adde four 
Cyphers, and ſo you may come infinitely #5 $ 7,8 ( 193.6 
near, though not exactly tq be done without , Y2g8 #8 
{ome {raQion, by the learnedſt man living 3 z 8 


and 


The ExtraSion of the Cube-roo). Ihr - 
and ſuch nuribers as will not be extrated without leaving a remain- + 

der, are therefore called Sard numbers. Thus much for the Squere 

Root. | 


| 


IL. The Extraftion of the Cube-root. 


TH Cube of any number is that number multiplied in it ſel, and 
2 that Product multiplied by the fame again. Thus, the Squar 
of 4 is 16 3. multiply 16 by 4, and it produceth 64, which is the Czbe 
of 4 : {o 4 is the Cube-root of 64. The like is to be. underſtood of 
any numbers elſc. But before you go forward, it will be convenient 
that you liave the table of the Cube of every number, from 1 to 9, by 
heart 3 and therefore I have here inſerted them. . 


The Cube of ' x is o1)( The Cube of 6 
The Cube of 2 is oS{ YThe Cubeof 7 
The Cube of 3 is 27>e The Cubeof 8 
The Cube of 4 is 64\ JTheCube of 9 
The Cube of 5 is 125 


Example 1. 
Admit T would extra the Cube-root off this number 157464. 


Firſt you are to underſtand that as you prick every ſecond figure 
when you extra the Square Root, fo you mult prick cvery third figure 
to extra the Cube-root of a number, thus: 1574544 ( And as many 
pricks.as there is under the given number, {o many tigures will be in 
the Cube-root of your numbes, ( as in this caſe two figures.) 

But to proceed : Having ſet my fum- ip arder 
thus, and having the preceding Table by heart, I .... | 
demand the greateſt Cube in the firlt Cube-nume- - 157454 (5 
ber 157, and'I find the greaceli;(lefs) is 5: Ifet * 

5 in the Quotient, and cube it, _ it makes $05. 125 | 

t 125,48 inithe Mar and ſubſtract it from. ,,:< | | 
157, and the DIET 32 3 to which carry 3 ms ©} 
down your:next Cube 464; | and the numbers will Fl 
liand thus, 32454 3 which. | call the Reſolvend.. 


nk 
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Then ſquare the Quotient, and treble that 157464-($, , | 


Square, and it makes 75 3 alſo treble the Quotient, 
and it makes 15 3 ſet them down as in the Mar- 
gen, and adde them together, and the ſum 765 is 
- new Diviſor , and ſtands ( as there you may 
ce.) 

Now let the whole Refolvend (except the fi- 
gure next the Quotient ) be accounted as a Di- 157454 (54 
_—_ and demand how many times 7 ( of the 225 * 

iviſor ) you can have out of 32, ( that is, his 22404 ye 
correſpondent part in the Dividend ) and take as Z2404 ryſlnn 
in common Diviſion ( obſerving all cautions as 
you do there ) and I find I can have 4 times 7 3 — 
ſerq in the Quotient, and the ſum will ſtand as in — 725 diviſor 
the Margen. | 157454 (54 

Next, multiply the 75, which was the treble 125 
Square of 5, ( in the Quotient, and was.75 ) by * 32464 reſolvend 
the 4in the Quotient, and it makes 3003 ſetit "a 
down as here you ſee, and the ſum ſtands as in the I5 
Margen. | | ” "ag 

This done, multiply the 4 in the Quotient in it +. Wh 
(elf, and it makes 16 3 and that by the treble of _I22 
5 { in the Quotient, which is 15 ) and it makes 257454 (54 
240, and ſet it under 300, as in the Margen : 
alſo cube the 4 in the Quotient ( which is 64) 
and ſet it under 2403 and them ſums adde toge- 
ther (as in the Margen) and they produce 32464 3 
which ſum ſubſtra from the Reſolvend, placing 
the remainder underneath, which will be 00000. 
Thus the work is finiſhed, and the Cube-root of 
157464 is 54 juſt, | 

C Now this is to be minded ; If the ſum laſt 
which was ſubltracted from the Reſolvend had 
been more than the Reſolvend, the Root is not 
extracted -right, and it muſt be done again , for the Root is too 
much. ; 'N 

C For every Cube ( which is known by the points or-pricks ) ex- 
cept the firſt, ( which is fartheſt from the Quotient.) a Reſolvend is 
to be ſet apart, by bringing the next Cabe to the remainder. Allo, as 


often as you have a new Refolvend, ſo often you muſt have a new Di-- 


viſor, which is found,'thus : Adde the treble of all the Root in the 
Quotient, 
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( which js Q) x to pay "ary id 
Cube, which is 30s $0 Oe or 
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Quotient,and j Tet it; 
Work, then4dd zetne wr 7 

duce 126 fox a new Derg he Work 126 EY 
thus, 


Next, , counting all che fig - afne Relavend, £ 
except thar fuxthelt to -hand, for 2 Divi- beognab as At 
dend, demand how in Fo haveaba Devizar! © E125 ils 
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 down'the \next Cu thc h 
"foyew will have 205348 "for's dew Reſobvend; and: Wor 
thas.' '& V 2.) v22's 
Then I { are the Root bile vouhers pray 
I treble that Square, and it makes 1200, - Set it $ 
dawn under the new Reſolvend;-and; as you ſee 
in the Work 3 then ſet the treble of che whole _ 5; 
Root in the Quoticht 20 ( whichis 60) nv '* os 
neath 1200" in the manner , as you fee in pe 
Work: (for the &'is et the Taft Gigure bu 
one to the right hand of the Reſolvend, andach 
been { all g to every Reſolyend.) Adde ” ls 
them together for a new Devitor, han Ts... 
12060; and ſtands tl 12060 deving 
age +l ok 
OE Che It hand'f | 
vizor ) i can have in-25 and{though F carr © $203248 (2or 
have twice one, | muſt not takeity for then bo he | $ | 
concluſion the ſum will” *the 
which'mult 
it in the Quotlent, ther 
figure laſt placed in'the c pr 
A Ge, tranſe le wha bt 
place it under-the 1200, as you'ſee , 4 
ply the treble Root 60, by the ſquare of 


Quotknt ty ut ies! (ho 
jr os A, Brides, 6h 


under 1200, - {0 as you. er ego? nd 
e in the Quotient, et it under, as you ſee 
G25 Set it under the aft, Gr 
_—_— figure of the Reſolvend; and hem 
ther, _ th&ir ſury is #206013 whictr hom-" 
ber from the Reſolycod 263248; and 
the remainder is 082647. | | 
Thus the Work is finiſhed, und Ld the Cabrct of $20 | 
is 201, and ſomething more,” rey pry, bat how 
much it is maze; 'no\ man in-the-withi. can vagh it 


may be done inlmitcly news by cigar O 
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The double of that L 
The number anſw 


Exanpl "IF 


Letitbe required to xtradt theSqure root of 25: 

Took for the of 25s and itis 139794 

The half of his 0.69897 
Now the number axivering ths half is 5, the Rove of the number 


FF, you WS cube any m_ le 
vumben, aod [treble 3t 
Cube of that nimber; 


Let it be required to cube 5. 
. I look for the Logihm of 5, and i is 


I muttiply it by 


And the Produdt is this 

I lookin the Todd and 
rithm is 125, the true hw; 

It is evident then, that Spd ne og Coe retlis 
ber, take the third of the Logarichm of that _ wy | 
Logarithm OC OO 


_ Exaniple. | NESS 


rg to extra Co Cubio-ront of 125, 
Hook for the port ET IR 
One third o:698g7 
Agiinft which you will find 5, which Þ the Cabo-rue. of: 1125/1 
a 

Y The like for any number whatſoever. This may be ſufficient for the 

ExtraGion of the Square and Cube. % 
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Some Caſes of aright angled Plain rin bs, 
ed by the Square ugh bom ne 


. CASE r. 
Diflance 7 rum, and difference of Latitude goons to find the 
Departure. | 
Bvef x, Adenit T fail dn fab wa he 


Eaſt-$8 leagues, | demand my depantaye/from my Meridian 
ded Nhave differed my Latitude r-deg. 39! or 3a leagues . wow 


Note, The Square of the longeſt 7k of any righ lined right angled Tri- 


angle, is equal t4the Square of PR _ Eucl. 3; prop-47 
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Facit 49 for the fide AP ; 
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Next, to find the Comrſe, " | 
We have now the Meridian-diftance found to be 49 
leagues, and the difference of Latitude AC 30 agree 32 
A 


is given. 
:A'General Rule. - 


Take balf the length of the 1 be atk Pick 
Mie. a ans 4A jy) alſo Y "g 
As that ſum, is to the fide 3, d is number $6, to the 


Angle oppoſite to that fhorteſt caſe ) is 

leeor of the Courle » vlogions: 2 7 on ed 

tine of Triangles, how the three ods of any ri 

contain but x80 degrees : then, if {o, ane Angle 
hgAngle, the 0 ewo muſt be.Comp 

hp cr, caſe.) To proceed; | 
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between the North and the Weft. 


aaa rate tlie mate 

it ſelf, and (abſtract the leſſer ſquare trom the 

rae ene _ is equal to the > ag ok 
Co | to the ſquares 

the other two o (roath be 5 Oe Root lied i the 


The Squaze of the difference of Latitude 2016 = 
© | * Porthe Come 


wa 
Mg tg ap 


wi yi d, 
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Fo | - 
= La. - 
”T AE. pe, 


gk 6 $ [ary S. _l . 


Dofitia of Levin and De epart e's 
and diſtance, ; 


Que 3. Loyal 4if fierce of Linbule #69 miles, 6 Dpernr 


ary AERIE 20 + - Ars © 9x 
4 20S > IJ BY, bk. 
. "Firſt, For the Diftance. . 4 


| Veukier the.ſquare of the Midlinence.of Ladkinds;) whe oj 
of the DR EE nn 
fore ſquare them ſev and adde and” that 
; fum js the ſquare of the diſtance run the ore of the length 
of that (ide. - 'T p ; ; 1% 47 abc 
th RBiyldics Þ | Fx IS 
« 2617 - on 
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The difference of Latitude ſquared i is - 
The Meridian-diſtance fquared | is 


The ſum 4s the (quare of the fiftance 
The Root of which number i 77, the d 
in miles Sa 


A - 


Secoridly, For the Garſs. 


"Juke ('ﬆ before.) the longeſt of the lefſer ſides, and adde hall 
tt og nee no Lerner Pl wp . 
I fay then, If 101 gives-3 at give multiply 
divide, and find 32, for the Quotient, and $6- for the renzinder; 
—__ 32 deg-, 21', the Courle made good. The likg of any other 
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Sene Cafes of Oliomnaghs Triangles, ACenron 
By 08 TO ne "E ; 
CASE l | 
with le them 
mf ren Fg wk 


ke HS 6 OG Port | one ſails North 
be other 67 and at the end 
"hear flow by Nine W811 demand thes 


be S$bip bears from 3 I demand their 
gen A —— 


T 2o tis, Jraw the North and South Line AD $ and 


A | 
the place Oey —_ ſet OE Nonb fat X 


462 er Pha po oo rn Wes 
Courſe from nr ay 
B, center, Acſcribe the Arch x k. A, Aediot* > > ſer of 


lix points, and draw, the Lb Tek Coe th Eaſt Courlefin 
B, or from CtoBis a North Welt C rle, according to 
'On« ke the-ſeqond 


zan\ 67 | 
one foot in A, where' the other foot of your Compaſſes cuts, Wed 
Weſt and South Eaſt Line BC, there mult your ſecond Ship be 
is atC ) 3 and thisis evident (ce CB cuts the firſt, and Ri 
Wet Line from the ſecond, as the Queſtion gives it. 
\.- Meaſure. the kde\C B, andvir 3/8 te the Ships-one fv 
the other, 62 * leagues. <8 av vx 
Meaſure the Angle at A, whoſe — is O &, ee is 3 many de- 


ces or points to the Eattwards of the North; North Eatti (the hl 
Ships Couſe\) it makes 3 L find it hereto be North North Eaſt "5 
deg oF, Eaſterly, orE4d a re 'Thellike for ay ok 
[ 


his nature. 143 du og 


CASE 2: 


The Angles of a Triangle, and one of the fides given, fo i the 
other two fides. 


Queſt. 2. Admit I ſer from a certain Port, and ſail Weſt by South 33 
leagues, and then meet with @ Ship that came \from @ place that beat 
North Wet by Weft fromthat Port ( if that Ship bad ſailed South 
Weſt ) I demand ber diſtance run, and the diſtance between the tm 


places. | 
BE be the place Þ et | 

from, from which draw 

ne ety BG CA 

upon it {et off 38 leagues; 

then from C ſet of the Live 

CR, a North Weſt by Wet 

Line ( drawn -\ at fe 

ſured Laſily, raw 

2 North Eaſt at 
till it cut the Line CR which 
itdothinR; then muſt RK 
C be: the diſtance between 
the two Ports 3-and RA the 
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[:cond Ships Uenceoa, be ig oe a _ Weſt Lin from R, to 


the place where the Ships 
Lie if ape, places R Tc b . 21 laguey | 
"ig. RAS 5 1-356) 27. Jaaguer 5 


4 : "CA'SE'3," Nw i 0 
Two JA and oe codeained le. foey, 4 to 0 find the third ide 
ihr orber: Angles." "= hood i 


Queſt. 3,. it there be two Ships ſet from one ; Port, one ſails South Wet 
Weſt Fee, the othir ſails Weſt 49- teagnes 3 I demand the di- 


by, 
ſtance between 1 ve Ships at the end of by failing _y their Roy 
one from the | 


Uppaſe B to be the x 
xk ſer from ; "a A, 
draw the Weſt Line ® 
BA from it, and ſer off 
49 leagues, allo draw 
the Line B D a South 
Weit by Weſt Ling 
from By and ſer-off 3$ 
lezgxerapon that which 
reacheth to D, -draw 
your fide. D A, and ſo you have the Triangle ABD. Take off A D, 
and ſce what it is: And becauſe AB is x Eaft Line from A, by an 
Arch of 60 *degrees, ſee how many points to the Southwards of-the 
Eft, the Line: AD runs, which is their bearing one from" the othet. © 


The Ships bear one from the other N Wby N 5 4. Witly! 
| | /* -Or itscontrary. 


__ 


They be diſtant from one another 27 leagues \; 


w as ny o 
: " 4" 7, COTS 
py "ICS: 


mn Oblique Trizngl purerandly 


£ 


— CASE 4 
The three fides of a Triangle giuen, to find the PAT; 


4. There be two Ports in one Latitud:, diftant 62 3 6 Shy 
ſet "from the Eaftermoſt of theſe Ports, and as xpon ſome be- 
tween the North and the Weſt 48 leagues, and then meets 2 


that bad ſailed from the Weſtermoſt of theſe Ports 33 leagues ©. 1 
mand each Ships Courſe. | 


Raw the Eaſt and Weſt Line AC, and from © (et off 62 
on it, which reacheth to. Az next, take the Eaftermoſt 
diſtance run 48 leagues, and upon C, as a center, deſcribe the Arch$. 


*.B £ 
%... 


| 
? 


62 | 


Laſtly, take the Weſtermoſt Ships diſtance run, and ſet it from A, and 
where it cuts the-Arch-$ which is at, B, there the Ships mui needs 


mect. You may meaſure the Angles of their Courſe, from / your full 
Eaft and Weſt Line AC. 


The Eaftermoſt Ship failed Weſt 29 deg. 20” Northerly.. 
. The Weſtermoſt Ship failed Eaſt 46 deg. Northerly. 


Thus much for Oblique Friangles by the Phain Seals. 
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o: CHAE-NSIV. 
Propoſutions of Sailing by Mercator's Chard, perfor- 
med by the Pliin Scale. | 


Have ſhewed before how to keep a Reckoning by Plaino, and alſo 
] by che plain Scale of Longitude how to reduce that Reckoning in- 
to Mercator's ProjeQtion every day 3,and have alſo, handled the 
Caſes of Right angled and! Oblique angled Triangles by the Plain 
Scale. 3 6 5" 
| come now to ſhew the Calſcs of a rightangled Triangle, perform- 
ed by the Plain Scale in Mercator's Sailing 3 which will more tully Ta- 
tisfic you how that Reckoning is converted from Plain to Mercator's 


ProjcQion. 


PRO 8B. I. 


To find the Meridional. parts contained between any. two Lati-- 
tudes, 


ueſt. 1, Admit I would know the Meridional parts- contained between - 
the Latitndes of 51 deg. 10', and 48 deg. oo', 


Irſt, tak6 the middle Latitude between theſe two Latitudes, which- 
is done by ſubftraQing the lefſer Latitude from the greater 3 and 
half that difference adde to the Icffer Latitude, and it gives the middle 
Latitnde :. ( or if i8be ſubltrafted from the. greater Latitude, it doth- 
the ſame thing.) | 

I find the middlc Laticude here to be 49 deg. 35'. 

Next, fee how rrany miles goes to make a degree of Longitude in- 
that middle Latitude, which I tnd to be-39 miles (neareſt) then con- 
vert your whole diff:rence of Latitude into miles, and it makes 190. 
miles or minutes, ( for all minures of Latitude are miles : ) Then lay - 
by the Rule of Three, If 39 miles gives 60'. ( os Mcridional-parts ) 
what ſhall 190 miles give ?+ 

399 


- 186 Propeſttions of Sailing by Mercator, © 


a we” 
& 7 : 


(1 
Leen 393. 
39 60 90 58 g (2 
Ry 60 | YXGOO 292 
Facit 292 Metidional _ 11400 oP 


Parts and 3; of a part | 
So | conclude, that 292 is the Meridional parts contained in the 
difference of Latitude. 1 have ſhewed before how to find the num- 
ber of miles in any Parallel that goeth to a degree of Longitude, by the 
Plain Scale of Chords, and Line of Longitude, and therefore omit it 
here. 
PROB. IL 


The Latitudes oft two places, with the difference of Longitude 
given, to find their diſtance and Rumb. | 


Queſt. 2., Admit there be two places, the one in North Latitnde 5,3 deg, 
©”, the other in North Latitude 48 deg. 00', and to the Weſtward of 
the Meridian of the Northermoſt 4 deg, 38' 3 I demand their diſtance in 
miles, and their bearing one from the other. 

O anſwer this Queſtion take the middle Latitude, and reduce the 

f | difference of Longitude into miles ( as was ſhewed in the' firſt 

Problem : ) alſo reduce the whole difference of Latitude into miles, 

then have you the difference of Latitzde, and the difference of Longi- 

tude given, to find the Corſe and Departure, you may protrat it, as 
hath been ſhewed in a Caſe of that kind already. 
The difference of Latitnde, reduced into miles, is 190 mile. 
The difference of Longitude, reduced into miles. is 180 mile, 


The Triangle that is 
AA" made with ge diffe- 
xence. of Latitude and 
Meridian diſiance., is 
CAB); take off the di- 
ſtance AC, and the An- 
gle of the Courſe at A, 
as is ſhewed. I find the 
diſtance A C is 260 
miles. The Courſe is 
ow the Northermoſt 
'ort South 43 deg. 30' 

- Weſterly. ds. 
_ But. 


But this might have been protracted by the difference of Longittfe 
given Mercator's way. Fitft,: thus ; See what Merional par are 
contained between the two Latitudes ( as hath been ſhewed Prob...) 


& 
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and I find 292 parts; with thisand wy difference of Longitude in parts 

Iay down the Triangle A DE, as if the parts were miles,and find the 

Courſe at A, as beforc,to be 43 4s: 30/, tothe Weſtwards of the South, 
w 


leading to D. This done, at my difference of Latitude in miles 
is, and from A, I ſet it off to B, and draw the Line BC parallel to 
DE, and it cuts the rainge of the Courſe in C: fo then A is the di- 
ſtance in miles between the places 3 and A is the Angle'of the Courſe 
err cng to both the Triangles, and the ſame as it was found 
to be, \ 


” *X = oe O-a; - os p . "ey & | | PT” "= A R 
* -- ” , "+ 4 ” | Des wi = Y : » 
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" MY, RI LT »d6- a bots. SL 
Mp ; Px 08s. TIE. wrt iagls 
F.7 "Y: es 7 Latitaies of two places, and the diſtance Between them yz. 

 ** * ew, to find the Courſe that leads from one to the other, aud 
| the difference of Longitade between thens, 


- &. T ps, 
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Queſt. 3. Admit there be a place in the Latitnde of 48 deg. and another 
in the Latitude of 51 deg. 10', and to the Eoftward of the former ( di- 
--——— "3 wa ; I demand their bearing, and difference of Lon- 
gitudcs 


= this caſe you have the two Latitudes given, and the diſtance 3 (6 
that with the difference of Latitude reduced into miles, and the di- 
ſancez you may lay down the Triavgle A CB (as is ſhewed) and find 
the Courſe, as in a-common Queſtion, | 
Courſe is North Eaſt by North, » deg. 45' Eaſterly 3 or Jjorth, 

43 deg\30o' Eafterly. 

But to find the difference of Longitude, we muſt lay down the Angk 
chus. 

; —D - 


—— . 


as 6o' makes 


coun 
(hy divide it by 60, 'an 


Longitude ) 3 akkve Y 
Quekion is anſwered. 


The difference of LongituddisE. D 278 part or 4 39: 
And this isdeident 3 for | 

As AB, the dierince of Laileade wiles, 

Is to AE, the difference of Latitude in __ 


So is BC, the Meridian-diftance, 
To E D, the Uſe o Longle pars 


es in parts, ſuch 
e fide ED, and 


PROB. TV. 
CI 

The Courſe or Rumb, and | the Latitude of two, places gjuen,' 

to Gd the. diſtance and di ifference of Longs ade Between 

them. : | 


Queſt. 4. Admit there be « place in the Latitude of . 51 deg. 10', anather+ 
in the Latitude of 43 deg. oo'. Now the Neehermsf of theſe places 
bears from the Soutbermoſt, Narth+43, deg; 30 Eafterly: 7 a the 
diliance of theſe A thy" iftcrence Ef GEVE between them 7 


T's lay down this Queſtion; (ubſtra&> rhe Latitude one” from the 
other, -and ſo | have the. difference of Lati 3 dig- 10, "ir 
199 miles; + > Withthat and, the Couile, 1 (in; the Queſtion 

lay down the Triangle AB CTas is 23 hs 
hnd the middle Latitnde ( as. before hath A ) it's 49 deg. 
35'3 and next, the Meridional parts Eon! tained between the two La- 
titudes, which i 292-pait$:  Thele, al, parts. 1, uſe to. {et-.off- 
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of Latitude in miles in The firſt Triangle 3 and fettirÞ it from A, it 
reacheth.toE ; from'E then draw the. Line ED parallel to,BC, ill 
ieconcur in the diftance run, whichis at D\then refolve the Queſtion? 
AC is the diftance run in miles, © 260 miles. 
E D is the difference of Longitude in minutes, 278 min. or 4 d. 38. 
Take them off, and you will find them to be ſo upon the Scale of 
equal parts, V0" I 


gol 


PROB., V. 59 


The Rumb, or Courſe between two. places, and the difference 


Longitude, with one Latitude given, to find the others Lath 
tude, and the diſtance between them. + 
Queſt. 5. Admit 7 ſit from Lunde (which is in the Latitude of 5't 
10') and ſail il T Longitude from it 4 deg. 38', and 

. then T bear from it Weſt 46 deg, 30' Soutberly > I demand my 


the laying down this Queſtion,I convert my difference 
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from it, and what Latitude T am in ? 14," 
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by 60, and adding in the odde 28/, abd & is-378. the Courſe 
given me in the Queſtion, and this difference of Longitude in minutes, 


l | 
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| ve (5. 
233% rrag(6(28 ( 
876 "oppo 89 


Facit 185 miles lacking four F 
ſeconds or 3 deg. ; F 
tude. A 


\ ” 11096 


, This 3 deg. 5” of Latitude, ſubfirated from the given 
51 deg. 10' leaves for the other Latitude 48 deg. 5/, is too much 
Northerly. | But let it and. 

We will next ſce how, many miles makes a degree in this Latitude 
found 48 4 Gradgh os Lawn I fay then, If 60'Meridional 
parts of c,gives 40 miles 3 What (ball the Meridional partscon- 
tained between the two Latitudes 292 parts, give ? 


60 3; 40 ::; 292 
ys > > GOA LAY EB , Salt & 
' 3 degs 14 . ——= ,2x&$(0 (rf 
© 160." 4 46 


This then makes the difference of Latitude to be 3 deg. 15' (neared) 
fo that the other Latitude then ſhould be 47 deg. 55', which is 
much teo little, as the other before found was too much : W 


(RO TIT” "SEO" - EY ” bub ths No ae. eee \ we. x FEE "4 #4 : *, q EY 
"Bad > *% "i « pg 4 | "va bs ” 
. , 4 j La And Is " %p 3 
+ | | PEIS \ , 
& - _ . - s - . 
A ' - —_- 


pe as Woo 

_ PaoB. VL of 

The Courſe, the- diſtance,” and one Latitude given, to find the 6- 
ther Latitude, ayd the difference of Longitude, © | 


.'6, Admit there be a place in the Latitude of 48. deg, .00' Nor-. 
therly, aud I ſail from it North Weſt by North g deg, - 45' Weſterly, 
( which is North 43 deg. 30' Weſterly) 260. miles 3. I. demand what. 
Latitude I am.in, and my difference of Longitude... 


Q reſolve this ion, Ilay down the Triangle ABC, as hath. 
T been ſhewed e.in.an Example of that nature, and ſee what: 
your difference of Latitude C A is in miles; 1 find it here to be 190. 
miles; ayd the Meridianediftance is BC 180 miles. 

Now this 190 miles divided by 60, gives the difference of Latitude. = 
in degrees and minutes ( which is 3 deg. 10' ) that added to the La-. - 
titude, I ſet from 48 deg. 00', gives the Latitude I am now in, namely. 

54. deg. 10 (-which wasrequired.). | 


wo 
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W558 


' Nexr, tofind | bf dio of Longhtade ; Itake heh Fs 

10/, and ſubſira&t it from' the arp ay rue ( or 
the leſſer given ) and you have rs {rey /; than 
ſee how many miles gocth to a d atitude 
and I find 3$ miles. | aff then, ( to fmd the Sedna $ cOn- | 
tained between the two Latitudes ) If an miles gives 60 gy or © 
pirts; What fhafl-the difference of Latitude in miles give, being 90 
mites? 1 malciply afid divide, and tind it gives 292 parts. - 

Take this 292, and'with it and the Courſe lay down the Ty 
AE D, uſing the difference of Laricude in parts, as though they 1 
miles, and fo they will reach from AtoE 3 from E raiſea Perpendi- 
cular, @d draw: it out- till it cats the diſtance AB extended: in D: 


Laftly, take off che difference of Longitude DE, and''ſce how many 
minaces it 186 - - / ; 


1 find the difference of Longitude D E tobe 278” or 4 deg. 38%. 


PRoB. VII. 


To convert any number of miles into inutes of Longitade, « ” 
minutes of Longitude into miles, in any Latitude. 

Queſt. 7, Admit 1 would know in the Latitude of 28 d 30's how | 
miles is in 4. deg. arts ® | -" 


Educe the difference of itude pon 


how many miles goeth to a the given Latieate, which 
I find in this Caſe 53 miles doth it I ſay-then, If 60 minutes gives - 
53 miles 3 What ſhall che CREATES give? 
which is 278 minutes. h 


69:3 
Facit 245 miles, 


24 7[34 (245 
& © 


A224 (277 - 
S323 
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Facit 277 22, which is near 278, arid wool have been fo exattly;, 
if | had not negleRted the fraction of "the firſt number of miles found z 
but I have treated of this before, and Ilfo fhewed” how to a Rec- 
koning by this way of Sailing, to- which 1. refer you for both.” And: 
thus you ſee all the-Caſes of Sailing by Mercator's Chart may be cx- 

aQtly reſolved by the Plain Scale. 0 


Before we proceed to the Doftrine of Right fined Triangles, it will 
be neceſſary"to/inſert ('in this place) ſome Trigonometrical nitions, 
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CH AP. XX-V. 
. Trigonometrical Definitions. " 


Defin, ke Triangle is, a Figure conlifting of three (ides, and' 
*| #s many Anglcs, as is the Triangle H O F. 

2, Any two lides:of a Triangle, arc called the 

lides. of the Angle including between them, as the lides H F and G 

arc the ſides. coutaining the Angle HE,G, | 


-onautitie ical Df WIL 


node an. Angle is cha gueaity pfithe ha 
a emacs oh 
Angle an 

= A Degree is the 360 part of any Circle. Therefore, whi 


5. A Semi-dgigcle contains 180 degrees. And, 
. A Quadrant ( or right Angle ) contains godegrees. 
+ The Complement of an Angle leſs than 90 dggrees, is fo much 
at Angle nd of 90- __ 
V8. The Complement of an Angle to a Semi-circle, is ſo _—___ 
that Angle wanteth of 180 degrees. 
9. An Angle is cither Right, Acute, or Obtuſe. 
10. ARight Angle is that whoſe meaſure is 90 degrees, or a Qu 
-dravt.' 
1. An Acute Angſe is leſs: than a Right Angle, and always con- 
tains leſs than go degrees. the 
12. An Obtuſe Angle is greater than a Right angle and always 
contains more than go degrees. , ” IT 
13. A Triangle is cither right angled, or oblique | 
14. A right apglcd Triangle, / is fuck a Triangle as th one | 
Angle, as the figure H-G-F hath-one Right Angle, namely that at G, 
which containeth juſt godegrees. 
15. In every right angled Triangle, that Hide which ſubtendeth 
( or lieth oppoſite to ) the Right Angle is called. the. Hypotenſez and 
the other two ſides, the one is called the Perpendicr4ar, and the other 
the Baſe, at pleaſure: but moſt commonly the ſhorter fide is called the 
Perpendicular, and theJovger fidethe Baſe; Thos the Friangte HFG 
the Hypotenuſe is H F\, the Perpendicular HG, and the Baſe F G. 
. 16. In every right "angled Tri riangle, if you have- one of the Acute 
Angles given, the ether is alſo given, it being the Complement thereof 
to 90 degrees, as in the Triangle HF G- It you have the Angle at 
% | H 62 degrees given, you have alſo thg Angle at F piven, it being the 
Complement of that at H to go degrees, W kerefore take 62 degrees 
_ from 90 degrees,;and there will _— 28 deg. o0', which is the quan». 
tity of the Angle F. 
17. In all right lined Triangles whatſoever, ( cither right angled, 
*or oblique angled ) the three Angles together are equal to two Rig 
Angles, or contain 180 degrees: theretore if you have any two 
gles of a Triangle given, you have alſo the co iven, it beley the 
Complement of the other two, to 180 d a, 7 the 
gle H.KF (as in this figure ) if there. weit ngle HKF. 
35 *s o0/,and the —_— HFK 20 deg.oo' 3 I lay rt wnlegens he 


Y 


jent C 
her two to 180 degrees : for the two given Angles H KF 35 deg. o0', 
wx. HFK 20 deg. oo), being add together, make 55 deg. oo'; 
which being taken from 1$0, remains 125 deg-for the Angle K HE, 
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have the third KHF alſo given, being the 


18. ln all Triangles whatſoever, the ſides are in proportion one to 
the other, as the fines of the Angles oppoſite to thoſe ſides: ſo in the 
Triavgle HK F, the fine of the Angle at K is in proportion to the fide 
HF, which is oppoſite to it, as the fine of the Angle at F is to the fide 
HK, or the Angle at H to the fide FE. | 


Theſe things I thought neceſſary to give ſome general hints of in 
this place. And now we will proceed to 


CHAP. XXVLI. 


Of the DoEirine of right angled right lined Trian- 
* ples. | 


a right lined Triangle by the Plain Scale oncly, and given 
you ſome Trigonometrical Definitions, but now we will pro- 


H*s we have ſbewed the Reſolution of the ſeveral Caſcs of 


ced to handle the. {ame things, and reſolve them by. the Tables of 
Sines, Tangents, and Logarithms z and by Guiiter's Rule. | 

If you look back, you may there ſce the projection of the Plain Scale, 
how it's deduced from a Circle, both the Sines, Tangents, and Chords 3 
but for our preſent purpoſe, it will be neceſſary to ſhew'the Projetion 
of thoſe Lines 'more diſtio&tly 3 which: is done in the Figure follow- 
ing, 


% Aa | 1. The 


"4 ;, =» 
_—— 
* 


-+ 


+78 Profs of Sally prfirt® by the Tt 
: E wr 


| 
| SAID . 


x. The Sine cf an Arch, is a Line let fall pezpendicularly from the 
Arch, to that other ſide that goeth from the center of the ſame Arch; 
as G K, is the Sine of the Angle at I, ox the meaſure of it; or the Sin 
of the Arch G A, becauſe I G is the Radu of the Circle, or the Sens 
diattetcy of the Circle, or the whole Sine. 

2. The Chord of an Arch, isa Line that goeth from one ſide to the 
other of a Circle, like the ſtring, ofa Bow 3 as GB is the Cherd of the 
Arch GAB. And here = may note, that The right Sine of an Ard 
is balf the Cherd of twice that Arch, as G K is the Sine of the Arch GA, 
and GKB. js the Chord of the Arch G A B, which is twice that 
Arch. THe | 

3- The Tangent of an Arch, is a Perpendicular raiſed from the Rs, 
dius of that Arch without the Circle, and concurring with another 
Line that gocth from its center z as AF is the Tangent of the Arc 
G A, or the meaſure of the Angle at I. 


A General Rule. 


And from hence its evident, That in a Triangle, any of the three fide! 
may be put as Radius, or the Semi-diameter of the Cirele, or the who 
Sine 3 and the other fides ſhall be as Sines, Tangents, or Secants, by thin 
repreſented 3 as we (hall more fully (hew by and by, and it's in 
the Proje&ion of the Plain Scale. : | 

Now the ſame proportion that the fide put for Radius has to' Radiw, 
the ſame hath the other ſides to the Siner, Tangents, or Secant by them 
repreſented. | FY 


4. The Setant of an Arch, is the longeſt Tide of a Triangle, or a 
Lins drawn from. the center, till it cuts the Tangent-line of that Archs 
as TF isthe Secant-of the Angle at I, + 

5, The YVoſod Shae'of an Arch, is that Line which is betwern the 
place where the right Sine falls, and the circumference $ as KA is the 
Verſed Sine'of the Arch GA. 


Note, That the Sine of any Arch lefl than go deg, is alſo the Sine of on 
Arch as meh nd-dhr topo a G K # the Sine of the 4M G A. 
Now G A is {ripe a by the Arch GE, and is alſo the Sine of 
the Arch G E D, which is more than go deg, by the ſame Arch E G. 


| infer from hence then, That if an Angle or Arch be above 90 deg, 
if you take the Sine of what that wants of 180 degrees, it's the"laine 
thing : for it's the Complement of it to 180 degrees i z and one Sine 
you te ſerves for both. 
" 6, The lement of ans Arch Jeſs than 90 degrees, is what char 
Arch or Angle wantsof 90 degreey;' but if that Archor Angle be a 
bove 90 degrees, the Conplement of it is what it wants of 180 degrees, 
"7. The tee finglcs-of 

7. The es right lined Tri le, conlifty of no mote 
nor leſs than a Semi circle, Un 180 Jogedes, x7 appears in _ 
following 3 in which yoamaſtown, that RS X boa Semi inde, 


— 


TX 


"of Sines, Tangents, Logarithms, Plaino:; 179 


FR Prapiſiios of Sail pafermis by the Tub 


- If the Arches O W and VT, have the ſame. diameter that op 
XSNR hath; then if you take W O and ſet ir from $, it 

N (it's the meaſure of the Angle at Z;) and-take V T andſe i 
from N, and it reacheth-to R. ( it's the meaſure of the Angle at G: 
ſo you ſcethat all the three Angles reacheth from X to.S, from$ 
and from N td R, and make a juſt Semi-circle,' or 189 deg. X'S 
which was to be proved. RE" he Hood ricke 

From hence I'll e then, that in any right ri 
Trianife, if one of the Angles beſides che Right Angle be A 
other Angle is known alſo 3. for it's that Angles Gomplement. to'go 
de 

'F have ſaid, that any of the three ſides may be put as Radizs, and the 
other ſides (hall. be as Sine; | Tongents, on Secants, by them repreſen 
ted; 

Erom what hath been ſaid 5 in the Projetion of the Phain, Scale, this 
appears: That in the Triangle A. C B, if AB be the Semi-diameter d 
the Circle that the Scale be gaade by then is BG. the meaſure obthe 
Sine of ' the Angle oppoſite to.ig (namely A.2-or equal to. it: A. 
the ſame reaſon is AC the Sine of the Angle toit atB, yh 
qual to it, ( for it's the meaſure of the Sine of it: ). from 
evident, that if theſe lides meaſure: the Angles, or be equal to then 
they muſt be ional ORE, - 

Allo thefide A Bis the Ang 86 C1, far Sri 
Radius or the whole Sine of the i 9h which the 
And this you may fee in the Projection -of the Plain Seale. 

I fay, if they be equal, they muſt be proportional. So that om has 
will ariſe Do ——_— 


A General Rule. 


ts in ray bt lined Triangles, the Sine of every Angle i 
ſide, or the contrary.c. Every lide is proportjonal to he Sr 


f bi nfo Angle, | Us 


— = &- 8- 


= = 


$» chen, as- 
Is to B A, his ed 797 
m, is Sine B; 
| toAC, his appaih ales _— 
ru fo is Sine Ato his oppokite fide'BG,, 
Or the Converſe. 


AsBA, $3 
__ Kinp to Reading ox Size C yo degrees. 
opted s the SitaocppolhaAngic er Bo. 
to ine at By. 
And. fois BC tothe Sine ima mars mM 


Theſe thin led, wel agked#/6f grocral. Rule afar a$s * 
We Can 5 po the CASES. 


>» S555: Fares 77x 3 FE 


7 © A $ E the firſt and ſecond. 


pordicmſs woe ws the. bog fide) and uy” Aj 
Race Mes £28 * t0 the. 

"4 and the = Site aq\ 9 mw AY 4 
[=p "ET 242 paces; the i Angfe -A be 29 deg: oe + ; 
demand OI R.c and. eng ntai in the Triavgle 


) (1s ) SUA- WL 2 IW 74 


"*$& abd 2, 11 To, 


192 Props of Sitting profit Set By bat 
1. Fagfnd the Bace AC. 


As Raine, or Site < 90 PROT 
I in propertion;to A B the Hypoth242 paces 3 2.38391 
So is Sine BY cchqComplementof A to 29 deg- )S 614.00" 9.94191 


—  — ——  — 


To the Bace AC, 22 paces neareſt. a 2.32562 


The Bace is not Full 212 paces 3 which fraQion being negleQed, 
may cauſe ſome inconliderable difference in the'Courſe, when things 
are given to find that. I note it here as a thing I do on purpoſe for 
the Learners ſake, that ſo he may not be at a ſtand when he meets with 
things not to hit exaQly to a minute. 


2, 7 fol i OO 4 


1 ( 0! of 
low AB aca Fi _ _ IN -$R* - 
Is to A B 243 TaceFy” HTO C08 bs 2% COMPTON 2, 2.38381 
So is Sine A 29 deg. OO" ny "70 1956 & 04170088589 


3 If; ————— 


To CB the Top I 17 paces. AQ 2 06938 

11%, 02 OD wilto onthe; 0) noi: 
The Uſe of the Tables of Slnvs, Tangents, - ating I have 
fhewed towards the end of the Wok Tables rhem- 


ſclves. 


. Now this may be applicd to ——} or x wary 0 other things 0 of this 
vature. We'wilt apply' + to: 1 [ow | 


— 


Queſt. I. Admit T ſet mon the Lizard ( lying in North Lath 
tude 50 deg: oo Min.) and ſail South South WefF 6 deg, 
30 min. Weſterly .( that is; Sonth 2:9deg. peck 2.4% 
leagues ; - 1 demand whit Latitude / am wy men 
ture, in the Triangle folowing, A BC (2J* * 


| Wo erply repreſent the diſtance run 245 leagues, and: the 

Angleat A bd. 29 deg. 00), ('thinis B the Complement:of A tg 
vgodegrees, 61 deg.oo' ): fo that we have the Angles and one 
given to find the fide A C, 


. de 
x. For 


—_ 


1. For the difference of Latitude , Q 
As 1. C. 90 deg. or Radie,, 
ToB A 244 leagues3/ : ©: -/[1-2-3838r 
$& is's. B 61 dep. os 1 19:544 33 


ToAC the difference of La- 
titude required 212 kaguos: MhAo's 
or 19'deg, 36's | 


2. For the. Meridian difawe BCG ih vl 


As Radius Or 1. C 90 deg. 00', 


Is to AB 242 leagues 3 ; we 4 | ni 2 oe | 

So is 5. A 29 deg, OO, 6 POVERFFEIR. 

ToSPO8 Mongienrelf anee {roragt on qt” Cc 
1142 40+ | n 


Thus = Meridhes dilance i is 117, and Baaadabrend the fra- 
Rion F ornit 3 and this ſhall (erve' for the 'refolationd of two Caſes in a 
Triangle 3 - namely, when the Angles and Hypinhiam(s is given to find 
| the Perpendicular. and when the Angles and Hypothinieſe is' given to 
"find the Beets which things (x Jae: y- 15 om by the <p 
ference of Gatirnde and Mebdko dfhcked 17 


Note, That s. fiarids ifos Sine, +. for Mage ie. " Sons Comphe 
mt t. co, for Tangent Complement, co. are for Complement Arithme- 
pEe ftands for more, --— ſtands for eſs, ==flands for equal. 


Note, That if you would find'a Side, y You muſtbep 
if you would fipd an Angie, 7 mult, be 


To reſoboe the Greyplbj Queſtion by 8 Mr. Gunter's-Rallex. 


7 Oa ſee that the Sine of every-4igle is-proportional to its-gppolite 
fide, or the Convers/” tt ikmndstoreaſor then, that as a/(ideis to- 
another ſide, fo is the Siaz of an Aaglt reito that fide; in propor - 
tion to the Sine of di Angle 6ppoſure- to! thar) other arp So thar VII: 
lay, tofind the Departure, 
As Radius s. C, 90 deg. 
ls to s. A 29 deg. od 


N ſtbegip wich « an Angle ;- 
in with a & 


* 4 
, 


"1 The Thodiram brat 
Sois AB ot Eee AB 6 

\To BC the departur 117 leagues, :the fide-oppeſite 
© Fix one foot of your Compaſſes in 90 deg. o0' on thel 
and'extend the other to 29 deg. on the ſameuiien)) 19 nm og 5 \ wry 
; | With that diſtance, fix yoar Compaſſes at 242-0n the Line of ha 
bers, and where the other foot falls under or leſs >than that 
is the fourth number required 3" as B C 117 leagues, (and oy leſs?) 
. becauſe from a greater Angle ( namely-Ragins you extend to a lb, 
Therefore from the fide that is oppoſite) to the greateſt Angle, q_g 

have a leſs fide 3 for the greateſt fide ſubtends the greateſt Angle, 8c: 


2. \For the difference of Latitude AC;"\ 


As Radius or Sine © 90 deg. oo”, 

Is to Sine B'61 deg. 0030" 

Sor is the diſtance A B, | I | 
To the Jifferedce of Lithrade A C212 leagues?! 21 0 ol 

Fix one foot of your Compaſles in Radims on the Line of Fines, wn | 
extend the-other.to 61idep.'-is 717 

That«iſtance ſet on the Line of Nombers at wry and it mackabes | 
a number lefs ; namely;' 2 12; the difference of Latitude. And thus 
you may reſolve an Queſtions of this nature, by Gwnter's Ralers, 1 

You way in thelc andal} other Queſtions of this vature, frame your' 
proportions, as when you work by the Tables. vg and An- | 
ples one with another .) and rh do the ſame thing 3 aS ſuppoſe in 
this ſecond proportion wronght, by Gunter, I put oppolite- lides and 
Angles in proportion, thus : 

As Radinus'or 5s. C90 de - 
Is to A Brhe diſtance run, 242 leagues 3 ; 
So is 5. B 61 deg./o0', {14-3 

"To A'C the di of Latirade 213 Jeagues/ 

Fix one foot in Radius on the Line of Sines, and extend the other 
to the diſtance; un on the Line of Numbers. . "That diſtance carry to 
61 degrees on the Line of Sines, and ſee where the other foot falls on 
the Line of Numbers, which will be at 212, --'” -// 

Now this way, though as-true.astbe other, will be croubleſomy in 
ſome Caſes, becaufe of the great'diflance that will be ſometimes 3; but 1 
leave every one to their own mind, for that both ways being OP 


and alike true, 
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WER Aide he t* = 
he X g_—_— "> 
1 avol; Ss Y, | 
o vous . þ * o » « 


CASE FU EP RiR 


The Bace and the Angles fd error nd 
vr poet rags 


In the Triang/e-AB C, 


LE TE patrapy 1 dewand the Perpenicilro 
Th at 29 3 

This the Angle at B 61 deg. 00',” i ' the ile B G? 

The Complement of A to 90 dy 


A. | 
| Ilay then, to find the. | 
BC. 
As Sine B.61 deg. 00. © 87% 
Is to AC 212 pacesz; - 
So is 2A 29 deg. oof, 


To the Peapendicnlax BC 117 


For the Hypobinſe | 


As 7. ©. A 29 degs 00! co: ar. 

Is toAC 212 paces 3 

So is x. C. go degs 

Tok tie Hypodinale 246 pacts. 


* 


4. +> NE . . 
- V 
* 

=” 

"by * 7s; + Js - 
TheT | 
\ 
: 


The reaſon, why 1 (ay 5.6. A, Þ  B is the Complement 
TI IS0 fo dang Free 6 ine of B- 6x dy, 


Y: . n Sap 
Note, That when Radius is not in the firſt plice, your muſt tikethe 
- Complement Arithmetieal of the tixſi number or Angle. 


Now the Complement Arithmetics] of any Fine, is what the 
the Tables anſwering to that number, wants of 9, as. you may.c 
by fo ey a hag the fir of io cach, 1s nat Sys 
anſwering to them, but what them figuees want of g» ; 


Queſt. 2. Admit 7 ſet from the Lizard, Lat de Nort! er 
50 deg. 00 min. aud ſail South South Fry 36 id, 


Weſterly, that is; South 2.9 deg. oo min, 


ter my Latitude 212 miles ; I demand wy dar _ 
departure from my Meridian 2 


Ii. 444 cidpbr” 


| yrremarry here in the Triangle ( 4 ) | have t the les anc heh . 

rence of Latitude A C given, to find the anc & gmt 

from the Meridian. 2 XL RE __ 
A x. To find the aiſtance ran TY 


As 5. co. A 29 deg. 00' &. ar... o59 


Isto AC 212 Hr 290 mg 
So is Radius "a * 2 rel 
To BA the diane rh 24x! | ren 


2. For the departure rom 7. Me- 
11 07 alia” I 0:13 01 


As 1can 1266 dei a0! co. 07% 0.05918 
Is to AC 212. leagues 3 2.32633 
So is 7. A+ 29 des oof 2-685 


oY”) > BC the depareogy.w8y. 0 [ihe 
| 4 A oN* 


| and ep 1 X "Sailing: "0 Wh 
By Mr.Gunter, for _ run AB, © 


Mes which is 5.B 


tdeg. 09), . . 
UAC ol 
SASH leagues, 
\ 2. For the departure B ce 
 As-B6x deg 00), [ 


Is to 3. A 29 
'$So.ls AC 212 


TEI-Ds Gps 137 leagues 


....CASE the fourth and Pg 
The Hypothinule and the Pace gfoen to __ the FRY and 
the Perpendicular, 


my = binuſe in the fifth Triangle be "TY Pa» 
As. the Bece be AC 212 paces 3 Tdomand © Angles and 
the aol P.. 

I conſider flill the old Rule, That ifthe Hyp yperhinuſe be pat for Redix, 
then AC is this Sin& of the 4 Je atB, an B C/18 the Sine bf the Ang 
atA,and AB EE. an 


P ſa + o , »4* 6+, + ; i>3 Fe * 
, e == vn 9 - VI © wa NN a | 4 I C T7 2 v1 y .* ; : < *% p 20 - 
" - 3 > , % a T3 * 
f . - . * - " %® d = . _ 8 of I 
= " & . oY : Ry _ o P . > 0 
I 2 
- 4 Te 
- 
4 . . & . I. # - ' 7 . 
% * x Sol * 
bre for the Angles « © 4.4 
. » 4 


As BA 242 co. ar. 7.61618 -#- - 

47 4p 76-1 "x 
432633” 

Sois AC 212 paces | (he Ih 


To s.B 6r deg, 10 | © 9.94251 


And this 62 deg. 10' is occaſioned to be ten niinutes too 
au ray - andre wan of the parts of a unite in 
for the fides in the three Cafes already handled. 1 
reaſon why 1 did it ſo once before, that when a Leamer comes to 
ſuch an errour in his work, he may know how it comes to paſs, 
hope no body will carp at me for this 3 - for *tis a mental Reſolution; 
and I think the reaſon for it will ſtand good to any judicious petfon.. 


Next, for the Perpendicular BC. 
' 1 may fay, As Radix C 90 diy. 
Is to B $2421 CLERS 
So is x. co. B 61 deg, 00 
To BC 117 paces. | 
But admit 1 ufe the Angle found 61 deg. and 10', to find the Pts 
pendicular, and ſay, - 


As Radixs or 2. C go deg. 
Is toB A 242 paces3 2.33381 
Sois 61 deg. 10' 7. co. B, 9.68328 


To BC 117 paces. - 2.06799 
This may convince you, that *is the fraction of Juprahos 4 
ot 


the Courſe out 10' of a d - But if you will work co 
bundredth part of a unite, {ce before the Tables. _ -  - 


Quill 


ad fail off = 
WE: jc, South yy mnt pe a 

Latitude 212 leagues or 10 deg, 36 min. 7 de- 
— my bs, 4 and departure from the Meridian + = 


E \ \ 
A 
'. 


Tag Pays : 


i NR to find the Ap- 
les and Bace > which differs not 


- — + 


Angle : and Met ir'tbus; that You'” 
may ſee it's the ſame thing in &- 


_ for, 
t BA for Radixs, then is 


BAC Sine of the' +at C, or 

Radius ; aind'A © Is the Sine of the | 7 

a ſothat,' 1B | 
. For the Angles. he | 
As AB 249 leagues eo... | 7.6161S 
Is to s, C Radive gO deg- oY n 
 S6is AG 312 lengues the dſereve of Lande, 2233633 
To « B6r _ ſ., - | _ 


For the Departure BC. 
As Radius - 


| Is tq.A B [242 leagues z © > 2.3838 
So'is 5. A 28 deg. 50 | Ed 9.68328. 


To BC 317 kagies. NT ©. 2,0670S 


By Mr. Gunter's Ruler : Firſt, for the Angles, 
AsAB 242 
| Is to AC-212; _ ro Wy 1 MIC 
 So\is'5. C go deg} 00%) Yo mrleor ld ©) 1 
To :.B 61 deg, Laff 25 bins 272 15 rognug © 


Hed anda 


- Nexe fur BC... 


As Radius 

ts to 3. A 28 dep. 50' 
is A B 242 leagues, 
BC 117 leagues, 


CASE the ſixth and {oventh.” 


The Baceand Perpendicular gfven,s ra 0h the Awe and oe | 
Hypothinuſe. 


Er the Bace in the ſeventh Triangle be AC þ the 
. br Perpendicular C B ;, I, demand ry rs apr and | 
In thiscale things be ſo given, that ppb wy AN, p- 
+ poſite proportion ; for you have two ſides given, bug 
to cithey of hem: "Therefore we'muſt find another Rule to work them 
by. 

I have ſaid before, that gny of the three ſides may be put for Rs 
din, and the other ſides ſha be as Sixty, Targeayy, Of Becunte, by them 
repreſented. Now the ſame proportion the fide'pur;| a4 Radine hath 
co. Roadie, the ſite proporfiew eothey hav tothe Sines, 

LANE br foenes by Show atebuens. os ak | 


In this caſe AC for 
Rudin, EF 
ter of the _ a Scale 

was mmdde the whole 


TI et. m | 
at 
will 


-- S AIOLA CET" LH 
A. C anon y2 
Is in proportion to Radius or Sine ©, go deg. 00! MA 9 
” . Sois BC themeaſure of the Texgopd of hb dageath, 
To the Tangent of the Angle at A. 


And 


= COP STE © made by, and BY the 
meakige of the IS, or the Tangent off Arch R.B. | 
ds Rk fs the Angles A and B. 


AC the Bace'21 2 | .67366 
I Rr 8 Sine 90g oo ; "* 
Sq js BG 117 paces, | | 2.06818 


To the Tangent of the Angle at A eg, 54/ 9:74184 
Whoſe Comput fo 90 deg. is B61 deg. &, 


Wert forthe Hypothinue 


F conſi fer with TH that] have given all the Angles of the 
Triangte A C B, and two _ foe a. "4: 


As Sin B Fx . oof gre Ks . 0.9577 
Bs 5'A'C-4 #Þ paces 3") 05 2360633 


So is Radias or 7. C | 
Tothe Hyporbinaft AR2 fe" | 3340s | 
PI. bc 2A of WA 
Queſt. 4. Admit 7 ſet from a ni #4 At ih 
Un op ry I gr» ar re. 
2-12.998/Þ4; or} min. aoomcky 1c che Meridian x 
ah Haut 4 Tied oye a ptnforttn | '; 
x ; 't £? 20 ay [5 14 yrs 


"His is biit'ay fewere the Ealebaſie ied to 
| in te Thing ABGS geen NE» ——_ and 


Firſt, - the Aug? : T put BC a4 Radius, and Jay. 


As the fide put'f6r Radar Gn eine 7.931 
Is to Radims or Sine C 90 deg. | 
Sois C A 212 leaguess +. | 1 32633 


4 - 


Tot. B 61 deg. oof © (6 | og nat 17 ad 3 C2 he:258144 K 
. # + VEEIPY 4 I I & '4 > . 

P - we - obs £& FI 14 # & s & . & 
| The 


Ns EDT Zr 


cis, pk. the other Ges (oalt bens Sineres 
ents by them repreſented. 1 will nat © 
mel with a Seceat, it being needicls; - 
l pg being ou we 2 yt 
without it i, s 
Theſe Angles being found, 
find che diſtance run B. 


As Sine A 29 deg. 
IstoBC 117 
A So is Radius or 5. rod 


Jo BA342 Rage; 


The ſame by Gunter 5 Ruler. | 
Firſt, for. the Angles, I, put B c as Radius, and ſay, 


" _ + « 


ASBC 117 


"EwCA 212 lagy 

So is Radims t. 45 
\ To 8. B 61 dap- 00's. | cy ant) 
\Fixone ſootalf your Compaſſes in MSFT NEE Oy "oY 
wa ——_—_ ir arr mary 'fixx one 
oot of your Compaſſes;in. 45 -dege. ( is the Radins ofa Texgent) | 
and where the other foot falls, is the Tangent of the Angle at B above : 
45 deg, namely-61 deg. 00”: for if your fiſt extent nave or 
number to a greater, as from-.117 leagues to. 212 leagues, the | 
mult give fort e fourth greater thar'it (elf z as here Radius or #..45 | 
deg. gives the Tangent downwards increafing. In working by Te ; 
gent be yery careful to confider ef theſe things, . | 


| Next, for th diflver ran AB. © 


As 1. B 61 deg. 

Is Rate iT 50 du. 

So is CA the difference of Latitude 212, - - 
To BA the diſtance run 242 leagues, | 


TRA naye 7T 


= 52282» 


| ir Beep q 43%" FO god. Sie Pe WW wor 16 ” ' oe 
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The difference of Latitude ts BA." 
A the diftance of the places is given is 
\;T Sha * 10 96 ah 


For the Courſe A. 'FZ v ” Sd fo F 
As the diſtance A C 2 62 2 miles, gar 7.348169 
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To AE che difference of Latitude in pants 3997" ogr 84 
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Meridional Parts, what:anſwers tothe 
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— CASE 6. WK 4 
The Conſe, the diſtance, and one Latitude gives, ts ford thia- 


; ther Latitude, and the difforema of Long 
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ind: 7 mule 4 
Loogitzde 2»... 7 
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IC) £442 + {nn Re ods boÞrl 

1 +1 £6 Mei Up 

- LaſllyIbive now. the Courſe "1, ahd the two 4 
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General Rule. 


As the Complement of any Latitude, or the diftauce of that Parallel from 
the Pole, f 

It in proportion to the Equinollials diftance from the Pole (or Radius ); 

$0 is the number of miles in that Parallel, ( , 

Tothe number of mimetes contained in that neneber of miles. 


Example, in the Caſe before ws. þ 

As 7. cs. 46 deg. oo' of Latitude, co. er. —0.15822 
Is to Radius 90 deg. | 
So is 750 miles in that Parallel, 2.87506 
To 1079 minutes: | | 3.03328 

X 45. 4m. 
Which converted into degrees and mi- r&F(9(17 5g 

nutes, is 17 deg. 59”. . 680 


If you would turn minaes into miler, admit they were 1079' , 


\ As Radars © | 
Is to 5. co. the Latitide 46 deg. ep 9.84177 
So is the number of minutes 1079, | 3.03328 


To the number of miles contained in wolep —_— 
2.87505 


minutes 750 miles, . | 

/ 278-3357 955). 1 

Now from this Rule, a' man may work his Reckonin daily at Sea. 

Imagine that the 1oth day of May, Mnday, 1684, 1 eparted from 

the Lizard, which lieth in North Lati e 50 deg. 00', and failed 
Weſt South, Walt 102 miles 3 


 Then:Squth/Weſt by Welt 150. miles, 
Ther South. Weſt, by South | x00 miles. | 
Then South Weſt ...' .'L00 miles, ha 
Then Weſt South Weſt . -- 142 miles, "4 
Then South Weſt by Weft 100 miles. 
And 1 would know daily the difference of Longitude that I have 
made, and keep my Reckoning by Longitude and Latitude, as indeed 
it was-always my cuſtom to dok.and 1 have ſhewed; this ney the 
Plain Scale. , But this I always uſed : 
I look in the Table for um is in my. Father's Ses- 


"= mans 


. = . - - [1 " 


» \ CI _ 
64+ II) : 
9 - 


234 Propoſitions of Sailing, "mA 
mans Pratticez and in this Book for the Meridian-diftance that the firf 
Courſe and diſtance makes, ( or elſe I work it ſome other way ) and 
I find Wit. . South, 
A Weſt Sonth Weſt-Courſe 102 miles, makes 94.0 40.0 

This Southing. 1 ſubſtraRt from the Latitude I ſet from, and it leaves 
the Latitude 1 am in 49 deg. 20'::( fet it down inthe Colume of 
Latitude ) 3 the Meridian-diſtance I fet down in the Colume of Wet 
Meridian-diſtance, And laftly,. for to: find the Longitude that this 
Meridian-diſtance will make, I find the middle Latitude between ye. 
ſterday and this day 3 © ( I mean, thatiwas between 50 deg. and what 
now am in, when I have faikd- this 102.miles) as I have largely 
ſhewed. Thatdone, I find it tobe here 49 deg. 40”. 


"Y 
| Then I fay, | 
As x.co, the middle Latitude 49 deg. 40' | * 0.18893 
Is in propartion to Radius 3. 
So is 94-miles, Ns T.97312 
To x46 minutes, or 2 deg. 26". _ 2.16105, 


abs 1341 TRE DLY 


P \ — 


And this makes up the firſt Line of the Reckoning to be expreſ? 


\\ 
azHere underneath, thus :. The 11th Tuclday.1 mas in the Latity of 
49 deg. 20', and bad Weſt Meridion-diftonce from. the Lizard 94 miles; 
I had Weſt Longitude 2.degs 26'. } | wg” 


4 ©Yy 


Secondly, for the next days Work. 6 


TR | * wo TEIN Wot. /: Soathc "7 
South Weſt by Weſt 750 miles 124 (1 B84 

I ſubſtra& my Southing from the Latitude T was In"yeſterday, and 
Fhave 47 deg. 56' for my Latityde that 1 at fin to'day :* Take then 
the Meridian-diſtance. 124; and! zddelt ' to/the'Meridian-diltance you 
had. yeſterday, and ſb you have 2 r$ far) your” whole? Meridian-diſtance. 
Alſo take the middle Latitude between 'theLatitude'yellerday and to 
day, which is 48 deg. 38', und ſay, - (191 


| As 3.00. 48 tep..;8/ 00. rs i# is bM , 0447988 
Is.to'Radins : i FP 0.4 (oy {AC { BY: D!iR -9L 
156i the Metidian-diftiniee kbgamile} 0 1 11.) it) 2-091 BOPA4D 


To the differonce of kongitwle-ju minutes, 388 or 39, 8 hag 
| : Rn : 
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— 


"7 deg. min. 
Now this difference of Longitude 3 os 
Added to the Longitude before 2. 26 
Makes the whole Longitude to day 5, 34 


So that the ſecond Line is made up, and may be expreſſed thus ; 
The 12th Wedneſday, I was in the Latitude of 47 deg. 56' 3 1had Weſt 
Meridian-diftance 218 mile: I bad Weſt Longitude from the Lizard 
5 deg. 34'. And thus every day you may; keep yone Reckoning, as 
here following, 

But for your fuller information in this matter, I refer you to what 1 
have aid before concerning this tharterz where Thave- treated fully 
of the manner of ſetting down your Reckoning daily. This is the Rec- 
koning of the Courles and. Diſtances on the; other fide, I leave the 


- 


practice of it to the Learner. 


The a oth of May, Munday, we departed from the Lizard, 
Anno 1684 ; i 15 -in North Latitude 50 deg. 00 min. 
Here followeth my Welting and Sonthing. 


. 2... 1 MESIGBRN-| rc... 

Da. Mo.| Week-days. —_ | diſtance. Longitude W 
eg. min. ; deg. min 

miles. de 
11 Tueſday 49 20 094 | o2 26 
12 Wedneſday 47. .56 218 05 34 
13 Thurſday 46 33 274 06 56 
14 Friday 45 or -| 366 O09 07 
I5 Saturday 44 ©8 498 12.. 10 
16 Sunday 43 18 | 572 13 53 


| But to anſwer the Queſtion propounded, you may read daily your 
difference of Longitude in its Line for that day 3 for you ſee here it's 
ready caſt up. 


For Example. 
Admit it is the 1oth day, 1 would know my Reckoning 3 1 look up- 


Hh 2 The 


on that Line, and read it thus : 


* 


wg 


236 About the Pariation of the Compaſe. IR 

* The 10th of May, Sunday, I was in the Latitude of 43 deg, 18', ang 
was to the Weſtwards of the Meridian of the Lizard 572-miles ;.. I kat 
Weſt Longnds from it 13 deg. 53', And after the ſame manner you 
may read any other Line, 

I uſe at Sea to work the proportion by Gznter's Ruler for every 
day, becauſe that is ſoon done, and free from any miſtakes y but-I leave 
every one to a Ro mind. I have been the briefer here, becauſe 
I have been very large on this. way. of keeping a Reck in-thi 
Treatiſe already. 6 © Torng 


Thus much for Mercator's Sailing. 


About the Variation of the Compaſs. 
|| Had thoughts to have ſhewed at large, Rules for the Variation of 


the Comp 3 but I ſhall not inſiſt muck upon it, becauſe *tis 
treated of by ſo many already, andiis ſo cafie a thing, onely thus: 
. When by-an-Azimnth Compaſi, or the like, you obſerve the Sun at 
his Riſing or ſetting, and note the degree from the Eaſt or Weſt; 6 
much as it differs from the true Amplitude ( which you-work- for in 
the Sphere ) ſo much is the Variation. . 


Example. 


Admit the true Amplitude of the Suns Riſing were 
Eaſt Northerly 

The Magnetical Amplitude, ('or the Suns Riſing 
by the Compaſs) were Eaſt Northerly $ 


Their difference, is the Variation $ 2 


And it's. Weſterly, becauſe the. Eaſt point of the Compaſs is more 
Northerly than it. d be, or ( which is more proper ) the North 
point is more Weſterly than the true Meridian of North. I ſhall fay 
no more of this here, but refer you to my Father's Seaman Pratlice, 
where it's largely treated of in page the 111 to page the 120 3 and 
alfo here. in the ProjeRion and Ule of Azimnb Compoſe. "a 


% 


$0 » "i a tt) >. T - : 
. 


Here followeth a Catalogue of the Longitude and La 
titudes of the moſt principal Places in the World, 
beginning from the Meridian of the Lizasd of Eng- 
land. 


Latitude 50deg. oo min. Longitude 00 deg. oo min. 


CATS | 


Places in France, SpMn, aud Portugal ;| Latitud.| Longit. 
. their Names. ' deg. min. | deg. min. 
Cape de Hague N.[50. 04|02: 28E 
Carkitts - N.j5o. 06|o01 $3fE 
Uſpant ' p9>.,.0 N[48 38|o0 ooLE 
? Cape de Maebicacs N[44 20|01 3gfE. 
l Cape Pinos N[44 03/01 27 W 
Cape Ortegal. N|[44/ 06|03. 21FW 
| Finifterre N43 0805. 35þW- 
| The Rock of Lizhon N13s8 58[o5 . 54þW 
| Cape St. Vincent N[37 oofof. 184W. 
Cape St. Maria | © N37. 03103 52FW 
The Swreights Month N cojor 574 W 
Tangier _ N]35s 35jor oofW 
Head-lands and Places in the Streights ;|Latitud. |Longit. 
their Names. deg. min. | deg. min. |, 
Cape de Gatte N[36: 45j03 36]E 
Cape St. Martin - N[|38 43/06 18]E 
ape Dega Frito N[4i 39/09 10J]E 
Cape Larci Nj42 58|11: 5o{[E 
N [43 56/13-—42}E.. 
N[37 46|23 29JE 
N39 5025 36SJE 
N[4i 30[23 $5oJE 
N 
N| 
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Cape Langs 

Cape Metopan 
Cape St. 4 

Cape Sara 

Cape de Backy 
"Cape Roſetta 
Cape Bonna 

Tunis 

Cape Falcon 
Cape Trees Forcas 


—_ 


; — 


1ZEZZLZZEAZTZ 


Hands in the Streights ; ; their Names. 


th. ht Mi, 


Alboron 
Formenter 2 


Gallatta 

Cape Palo in» the Ifhend of Sardinia 
Capt Corfice in the hy of Corſica 
Palmorila | 

Lampadeſa 

Malta 

Cape Paſſaro in Sicilia 

Marſina 
 Corfis 
Cephalonia 
Zant 

The Weſt-end of Cendia 
The; Eaſt end of Candia 
Rhodes 

The Welt end of Cyprus 
The Eaſt end of the ſame 


% 


.N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 


The C eaſt of Barbary Southwards , and 


2 ;_their Names. 


Cape 

Cape mn WE 
Cape Bajador 
Cape Blanco 


RING 


I 
y— wa 


© & wm mm 07 


(32 en) (27 03) 05 


: 2 TM,PUA3Hor 


e031 ©) 071] 


| 


» $# 


7) 07) 0 


-_— 
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. 
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| rt 7b 09 ege7) 05) 
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| and Latin of Places, 79” 
Cape Verde............ N|1 6113 47]W 
Sire Leone X| = 0109 ww 
Cape de Palmer” N04 10! o2 35]W_. 
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CHAP. XXIX, 
The DoStrine of Spherical Triangfes. 


Of the AGeQions and Nature of Spacriedl Triangles. N 


1* ical Triangle is- made of three Arches of three 
| Circ that interſe& each other upon the ſurface of the 
Sphere 3 and their Angles arc meaſured by the Arch of a 
eat-Circle deſcribed between the two ſides, whoſe Poles is the angular 
oint. 
2. All at Circles of the Sphere, divides it into two equal parts-or 
on and no fide of a Trian _ ſo greatas a Semi 
3» The three ſides of a Spherical Triazgle are leſs than 360 
It two NG In a Spherical Triangle be 180 degrees, the two 
the bees of that, Tr ſhall be 180 degrces 3 but if the fides 
will be allo leſs. I woe 
hs A We angled _—_ Triangle, Harh certainly one right fo 


5. In_aright an | Spherical Trian ngſe, if either of the ſides ex 
to the righ Angle be a Quadrant, ther] is the Hypothinufe a Quadranj 
alſo ;, but ifitheir fideg be each lefs than a Quadrant, the H /'s dthinu 
will-be fo top;3 it one pf them ſides ſhould be greater. than A aſh, 
the Hypothinuſe wilt befo alſo. | OLE 22 

6. An oblique Spherical Triangle hath either alt the! Angles 
( and then *tis called an acute angled Triangle) or elſe oÞtaſe, or 
ohtuſe aud acute, and then *tis called an obtuſe angled Tria 


\ 7. If the Angles of a-Triangle be all acute, the ſides ar Tru 


gc art none of thern (o great as a Quadrant, 

8. Every Spherical Triangle conlitts of five parts, belides Ss Right 
Angle 3 that is, the three fides, and the two Angles. Now theſe parts 
are three of them noted to be Complements, and they be them that be 
faxtheſt from the Right Angle 3 and the other two, which be nextto 


the Right Angle, are not netcd by their Complements, as you may lee in 


the Triangle A BD right angled at B, 
9. Now 


The Dodtrine of Spherical Triangles - 2 
- $+ Now if any two t begin in this 


Jrangle beſides the Righ wo ney 
e other things, RET lined T 
angle 3 but here muſt be ſeveral things con- 


idered. 
16. For theſe ſides being Arches of Cir- 
cles, are meaſuged in degrees, as well as the 


| mower: ou have found one of the 
Angles, the other is not its Complement 
to 90 degrees 3- but if a ou'll find the other, 
you mult do it diſtin&ly, 
12, To workany Queſtion in War right angled or oblique Trian- 
gles, we may lay down this general Axjome. 


General Axiome. 


The Sine of the middle part wich Radius, i e ny fo the Tan- 
gents of the Adjacent Extremes, or to the Sines Fang 
ments of the Oppoſite Extremes. 


13. Withio the bounds of this/one Axiane, will all the Coſe of a 
Spberical Triangle ( but two) fall; and chem'are the two laſt Caſcs 
in Oblique Triangles. 

14. So, that it a-man underſtand but theſe three Lines well, he may 
frame all the Cannons, or work any thing that isto be done 3, and 
therefore-it ſhall be my endeavour'in every thing ( as I go) to ex+ 
plain the Rule. 

- 15. Pray mind one thing, and that i is, That'the Ri Angle B is 
not counted to part the kde 5 next to it, whereas the other Angles do : 
So that we count BD and BA to joyn,” whereas we count BA and 
AD as parted by the Angle between them A; and ſo is BD and DA® 
by the Angle D. Theſe things proxiiteg; we come next to explain * 
the General Axiom. 

Admit in the Triangle ABD, 1lhave given me- BD, and the Angle 
at D, to find the ſide DA. I mind not yet which is given, nor what 
required: 3 but onely that theſe be the three parts 'that we have to do 
with : Firſt then, 1 would 'know which of theſe is the middle part 5 
and 1 believe-you'll eafily yield that D is, becauſe/D'Bis one way nex t 
to it, and D Athe other way. 


_ Then I would know whether it be an odjecent or an opeieexfheme, 


21% The Didtriitt of Spherical Triangles. | 
And foraſmuch as BD joyns.to D, and D joyns to D A,” (nottilay -- 
being between them ) 1 conclude it's ati Adjacent Extreme, a0d the Aw | 
gle at D.( as we noted before ) is the middle part. © "EY 
I look upon the General Axiome, and that faith, That the Sine of the 
middle part with Radius jo equal to the Tangents of the Adjacent Extremey, 
1'1l therefore call the middle part lo, as that T'may have the Sine'of it, * 
and the two Extreams, ſo as to have the Tamgents'of them 3” and'theyll 
ſtand thus: ” Sine, Complement D, with Radixe, is equal to Tangent 
Complement DA,with Tapgent DB, in ſhorcthus : 1c. Dd Radiy 
is =tot.c. DA++t.DB. i RS FO 
You may ask why 1 call the middle part Sine Complement,” and the + 
fide DB A Tang. Comp. when the Rule faith, Sine the middle part, and 
Tangent the exſtreme 3 I anſwer, they be Complements already { and 
ſo they are noted in the Triangle )z 'and if I would have the 'z. orthe 
t. of chem, I muſt call them x. co, or t. co. But the ſides next the Ri 
Angle, are not noted by their Complements, and therefore I call D Bt. 
to find the Tangent of it. * 52 0G OS 
The Queſtion being brought to this, now mind'what is given, and 
what is required, and fet'the things down in their order,. onely taking 
care to ſet the thing required in-the-laſt place, (thus3) (. +1514 
te. D.B. Thus now if theſe things had been really given and te- 
5. co. D Cured in a Triangle, you: would have-had the yequized 
t.co. D A ) thing by adding the Logarithms of the firſt two together, - 
and looking for that ſum , for it*s the Logarithm.of the third, calling 
away R adims, or the firſt hgure on the left hand; as, if it were 19, to . 
calt away.the 7 from any'Sine, and leaving oncly the 9 before the Gomn 
ma 3 or ifa Taogent, caſtaway the tirſt figure, it it-excced-4/2,,. betore 
the Point or Comma. £1 X01 [$2040 
But you may ask whether or no you fhovid take, the & 
rithmetical of the firſt of the given things, as is uſual to avoid ſubſir- 
tion. For that, obſerve this General Rule. * | 


« I, 
# 7 


. - 


* That if the middle port nd n Extreme be' given, takz the Compl 


rithmetical of that Extreme; but if the two Extremes - gjort 
find tbe middle part; take no Complement Aritbrittical at al 


. - 


- 
Ca 4 
£43 .# EY 
. to 
» 
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And under one of theſe two Notions all Qweftions:will fall +... 
Secondly, (in. the Tame Triangle ), Admit che Angles, at. A; and D 
were: given, and:the Tide D'A werg yequired.3 heze D A,is.the.mi 
part, and its an Adjacent Extreme : Theretare, 1+, +1, 7 hog of 
ar MHz) 21 (Ge 4 © at a bluow 4 nt 
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4 Me af 
| POE ary n Afr] Da 7, 
required. 


D t-c6. 


ow dan ed a Ws? © hide Aadlnar Ba 
enter WARES Bagh 


TS ow 


6A 
in Ate = Ken AD+K es AD 40 ar. 


| Ih ARES 

take the c b Farr F -- "x rome. $46 WY 03h) "IN? 
Fab, CA were gives and ie al SIN 
have aid 3 Fes Eh ads midale . 


y ho 99 AB. 
00 + Rode Eto = SD4 f. th. OTE Og 
rp reps v and D were required 3 ies an 
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c. D 


1Db.£ Ku -: D463 poſe 
Kod hike he th ej Extrenees. 


Ae Bxiremes. | | | 

I uo non tg | 
| \ the - *% 1 we give che fle'8 the 
This 


wy The Dofbrimeof Sphe Trianghe 
Themes hp Woke Eran, and D Bis the | 
it licth alone: apd\ from the other two th 


DA by teg:O(09 619 Dk AB. ] fay if 


" Sy 
ets Fe acme Re 

1 v4 o (ht £ 3x , ; —_ 
Here youmay GL 
That the Sine of the ; 
Ts. Now this is an Oppoſite 


Crow 13 and A is one of the = 5 
rr) White Pr en 
anfwds, AD oe A eras and if I call him Six 


Conpilernent,. _ WITagy ; 
C the Ng _ 5H Shs of bt at ie Me) and. 
thence ae ment. \D,) 


alt 


Ay 


I ron CO 


Here BY 2 
tek I» Ghar Ws 91 


the ms reaſon. 


Enna 

1e0.A + Radineis = DA 7. | 
a, A B-j- £.co.FAB 75, co. co. ar.” 

"RI yIAg\ ID B -5. co. required. 


m— Fite't DB yp. K &/Þ gl 
gene Ic 


the = Ade pe 1) f ' 
ines Os ddr A ea + 
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PEAS ;Thant clibeaateriwe cas ave 
de bee pgs cen; and hey 
nip A dei BD gm Ds qi 


yh df fete kencn $2] EM 


Let ABand D be givis; and (DAber 
ab 3-6 whine, n-fo he's 2b Oppufen 


| 1 Dew ar 
MY ns. 


2 ppt hl 


a Rn, fame «Ru rt Nodon . 
cam TE we fl i ing the 
hardeſt | thing been to make km 

call a thing a 5. 1:C«t, Or #:00, ern 


this for a Rule. may wnnetaty 


L 


- Obſerve. i 


£14 100 = 4 wihn And £ 
Gal Sake fu parts by their namds, and. you | 
ine or A oh hor ob them; —_—_ of "5 names, "i, 


wat 


My meaning is thay | 
The Angle A, the Angle Bydvd-the ſide A, arc 
call any of. them «5. © T6 RI 7200 Tl 


them ; call them Sine ” ent, ( 5-28 
you haye the ne-9 

In like \manner, te the Right "-— 1 urn not. 
noted by Complements: caſtes ot del 1:foft 


br ng EEE addy. 
ene in 4 hte +AC 


” MEER EEE is, Lhe oe 


252 | Diino Spit Ts 
EO Os pon” 


- DB f, 
I, Dain JD 5.0 Ja nad tor. DB 47,04 
ADA requ, t. c0. | | 
D 2-co. - 
2. Date. 4D A #. co: Cu DA+ Robe =torm Detail 
CA requ. t. co. 


AD #, C0: L _ 
3, Dada. C0. on A + Rad.is =tot.co AD4-4.48 
AB requ. *. | 
A t.co. 


F; Dae JAB b 2 FN AS3-R2's 4 Wie Al,2D 


CBD requ. e. 


AB «+ 
Data. <BD : $60 Kad.is=t0 t. 6. D 4:54 
L Ds ind ws, It 7 


Oppoſite Extremes. 


BD... 
1. Data. 4D A 7. 
PArevuirdd 


$80 7 Sue is=to:.DA Ws _ 
v. 


- 


(D 5. cv. 
2, —_ þ ab Radeld 4 dec ml 
| AB 7. co. requ. 
(DA. .co. | 
3. Data. FAB 7.co. Honiton WARY 
UB Drreque 570. 


A x. co. 


4- roſa C0 Ws dA Iat=wnm BD4-4.D 


AB: z. co. FIR 
5 Duty Doe dokk + Koda is=to6 0) + n.D8 
i 4] | N49 4 500 


A 


;z 3; 


us 

and to take the C | 

_ given with the middle part, but 
clle not, 


Theſe things premiſed, weare now fitted to work any thing in any 
Tria right ledor oblique, except it be when the three fides of 
2n Oblique ragl by given to find an Angle, . or the three- Angles 
given to find a fide, which igthe two laſt Caſes of an. Oblique Triangle - 
and therefore we will next handle the fixtcen Caſes: of a right angled 

Spherical Triangle. | | 


CASE r. 
Latitude Northerly 50 deg, 00 min. - Dee/ination Northerly- 
17 degs. 477 min £ demand the bow of the Suns Rifing. 


I the Ttiarigle A DB, the Poles Elevation is ( in this following 


Scheme ) DB the Complement of the Suns declination is D A 3 


ADBis the Angle of the hour from _— —_—— 


_ i a 


" 90-4 "The Doffrine.of Spherical T " 
* i wx $ fn Mg wml de 
oY ve anger gig from the North, 


to 90-egeiis A:Yy,the Sunk 4 Sg we, 
A-is the. Angle of the Suns Poſition. 


In the TOs A BD, then 'we have c gin 
M4. 


The Poles © "3-4 BD: 2$©0-/ o0- , 

The Complement of the Suns edlination DA +: 72 ail 

| And et the Angle at'D be required, which is the hour from 
night to. the Suns rifin 

I conſider it's-an Adjacent Extreme, and that D is the middle jure. ® 


5+ £0, D + Radius, is=to#.'D.B 4 t. co. DA. 


| DB#. 50 deg. \o0/ 10.076186y 66000 
DA-#. co. 72 deg; 25) © | 1 95061586 | 1 
| ADB vw. 67 deg. 32 95823458 = Fo 
That is ( converted into time ) 4 bo. 30” ix * fools ker _- 
night it is to the Suns riſing. 

Ra Here I took no co. ar. becaule the: two Extremes was given to find the 

| middle part. © 
CASE 2. 


The Perpendicular and the FHypothinuſe given, to fond the Bafe. 
In the fame Triangle repreſented tire, let there be given, 


mM. 
The Complement of the Suns declination DA ' 3 
The Poles Elevation D B ' $0 00 


And let the Suns Azimmth from the North be required B A. 
This is an Oppoſite Extreme, becaule ADis alone 3 and for the lame 
reaſon it is = middle part, 


7. co. A D + Radins, bs co, DB + 7. co. AB. 


5. co. DB 50 deg.'o0' 2 ©0s fs 0.191932 
5. co. DA 72 deg. 1370 9.484895 


40, AB 61deg o8) i 9676Þ7 4.4 


5 


ym. 


that riſeth Kok Cri 39 Euler t -28 dep. 24” 
_ y, which is his Amplitude, IN deg | 
the-i. "_ on the given Extrents becauſe*cwas with' the with 


FP fore 


CASE 3... 


ſhe Perpendicular and the Hypthinſe given, to find the Ange 
at the Bale. , 


Let there be given as before, A 
f D ha Fo 23. $ And let the Angle « of Poſition be Kano: - 
This is an Oppoſite Extrene, and D B lieth alone, wn is the midale 


part. SAY, 1 
; DB + Radius, is = to DA+ i. A. 


i. DA'72 deg. 13, &0, ar. | | 0.021263 - 
f. DB 50 deg. oo. " Seng 0 rare 9.884254 
Fs A 53 deg. 34 9905517 


The middle pert and an-Extrente i is-given here, _ therefore I take. 
the co. ar. of the Extreme. - | 


The Perpendicular and the- Angle at the Per eodicalar given; - 

to find the Hypothinuſe: Py : : 
Admit in the m—_ A DA there be given, 

d. m. 


RE 12h dane" 0 


Har let t be required to find DA. 
This is an Adjacent Extreme, and Dis the middle part. . 


7. a. D + Radits, is =to t. co, D A+ D B. 


nf we | . v ” Pe. p a a; 4 " 
D, Cat-1n THe #. 2c: 
. _ © 3 - Fly 


(4 "The yilrine i Spboica rials, 
© os, 50 0g 9 | W944 _ 


_ Dr. co. 67 args 
DA. co. 72 deg. 13' - 9.5060g 


Here the Compl, Arith, of OPTERON hone if 
-"given — the middle part. 


| CASE s. 
A *  - The Perpendicular, and the Angle at the Prpnpladee twen, 
ph fo fad the Anghe at the Bale. 5 | 


Let there be given in he Triangle-A BD, 


3 The Angle at D 67 deg, 32'. And let the Angle. at A be re- 
. The Perpendicular D B So deg. 00 oo/ 

Here Ais alone, and Is Oc aod Ai the 
middle part« 


F «44: Zee, ks to 5. <«. D BJ. 4D. 


DB y. co. 50 deg, 00/ 9.80806 ) Here we took no Complement 
D 5s. 67 deg. 32* . 596m1þ Arith. becauſe the two 


| Extremes be to find | 
A 5. 0. 53 dips 34 977377 the middle part. 


[ ſball note no farther about the middle and: 
Arithmetical ; but bid you mind the Rule, pan, and gh Complen 


CASE 6. . : 
The Perpendicular, and the Angie at the Perpendicular geen 
to find the Baſe. 
Let there be*given, 

&; 1 © 008) ++ of £1 | 024) : 
BD 50 oo iBD + Radix, is = tot. BA 
D 67. 32 + t. co. D. 
And let the Baſe B A be required. D t. ca. 


© The Do&irint of Spherical Tridnglir. © 


D #. co. 67 deg. - » £0. are ; or Hh 
DB z. 50 deg. 00 8425 
B At. 61 deg, 38" ; 10.26775 
CASE 7. 
yes Per A IE and the Angle at the Baſe given, fo find the 
e at the Perpendicular. 
Let ghere be given, - 
6 mM. | ; | 
"y P ” 5. 00, A | Radinsg is = tO 1. co. 
DB-+ :.D. | 
Aud let « angle at Dbe requir, | 
Br. 04, co. ar: 50 deg o9' ; 0.1919 
(7. co. 53 deg. 34 7s 9:7737 
'DY 67 deg. 32) © - « $9653 


dy CASE 8. 
. The Perpeaſiicals, and the. dt at the Baſe given, to find the 
Hypotenuſe. 


Let there be given, 


EA | me. , | p 
DB 50 oo i DB + Radis, is =tos. DA- 
6 " 5% + A. 
And let A D be required. 

t. A 33 deg; 34', ©0.9r, | 669435 

#.BD 530.d. oo 9.89425 

1. D Ar 72'degs 39/? (4, | 212 9.97860 


SUES | '"-CASE 
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CASE g. 


The Pereaiiiuler and the Angle at the Baſe given, to find the | 
Baſe. 


Let there be given, 
DB &$o oo VV is =to04. BD 
A TY © A. ' +. 
And let A B be required. Py 

BD t. 50 deg. o0' 1007618 5 | 

At. co. 53 deg- 34 @ 9.86825 © 

AB 7. 61 deg, 38 9494433 
* CASE 10. 


The Baſe and the P erpendicular given, to find the Angle at "the 
Perpendicular. « 


Let there be given, 
| = Ut * : 
DB- 50 © oo » 42. DB + Radixe, is = tO #.c,D 
AB 61 38 4: BA 
And let D be required. 
BAt. 61 deg. 38', co. ar. 972235 
B Dr. 50 dig. od . $5425 
D t. co. 67 deg. 327 ; 9:61660. 
CASE 17. 


The Baſe and Perpendicular gi ven, to find the FHypotenuſe. 
Let there be given in the Triangle AB D, 
d. m. 
The Baſe BA 61 3h &o. DA + Radits, is =to 7. e0, 


The Perpendicutar BD 50 oof. BA. BD. 
And kt D A the Hypox. be rcquis. AB 


S 


The Dobbine of Sphevicel Triangles. 


AB. 5. co. 61 deg. 38' 9.67679 
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BD 75. co. 50 deg. oo 9.80806 
D As. co. 723 deg, 13/ 9.48485 
CASE 12, 


The Angle at the Perpendicular; an the Hypotenuſe ven, to 
find the Angle at the Bale. , . 


Let there be given in the Triangle ABD, | 


d, mm. 
D 67. 32{ 7. co. AD + Radins, is 
DA 72 132 =to0t. & D +-#. co. 
And let A be re-\F A. 
quired. 


D x. co. - , >< ah þ FR | " 0.32349 
DA 5. co. 72 948489 


At. co. 53 deg. 34 ' 9.86838 
CASE 1;. 
The Angle at the Perpendicular, and the Hpetenſ gives, to 
find the Bale. 
Let there be given, 
y&t 5 ; 
D 7 32 7. AB + Radixe, is = tos. DA 
DA x 13 Ks. D. 
| And let A B be required. 
Ds. 67 deg, 32 © " 9:96571 
; D At. 72d 13", \. | 9687873 
AB 7. 61 deg. 38 9.94444 


6 on TAIT Tir 
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CASE 14. 


The Angle at the Perpendicular, and the Hypotenuſe rven, t 
find the Perpendicular. "ROETY 


Let there be given, 


*, m. : 
The Angle at D 67 32(s7.c. D + Radiws, is = to t.o. 
The Hypotenuſe DA #72* 13C. DA +42. DB. 
And let DB be required, | 


"DA t.eo. 72 deg. 13", co. ar. 0.49334 
D 5. co. 67 deg. 32' 9.58222 
DB. co. 50 deg. 00” 10.07606 

CASE 15. + 


The Angles at the Baſe, and Perpendicular given, to find the 
. Hypot enuſe . : 


In the Triangle A D B, Let there be given, 


d. m 
D 67 32 | r. co: AD- Radius, is = to t. 
A 53 34. AS t.co. D. 
And let A Dbe required: | 

#.c0. D 67 deg. 32' 9.617224 - 

Y t, co. A 53 deg. 34 9.868151 
1. co. DA 72 deg, 13 9485375 
CASE 16. ' | 
The Angles given, to find the Perpendicular. | 
d, m. 

Fet Abe 67 32 1. c0. A + Radics, is = tO & © 
And Dbe 53. 34 DB +5. D. 
And let DB be required; . 


$ £0, 
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I, £0 A 53 dep. 34 | " 9$+77370 
1. D 67 deg. 32', ©0..ar.. - 0.03428 
5. co. D B 50 deg. 0o' © 9.80798 


And theſe be the fixteen Caſes of a right angled Spherical Triangle : 
They might be varied ſeveral ways, but this is ſufficient to reſolve any 
thing that ſhall be putz for it muſt.come underone of theſe Caſes, I 
come now-'to- apply. thefe Caſes to the folation of ſeveral Problems in 


Aſtronomy. p 


But before I proceed to-their application in Ajtronomical Problemr, 
| wift give you a brict Synopfi of all the Canony ( throughout 
all the ſixteen, Caſes of Right. angled Spherical Triangles ) de-' 
duced from the Fundamental. 4-X.I.0 ME :: The Canon, A- 
nalogie, or Proportion, \ being” laid down. ( far eyery Caſe )) .in 
words at length. * | 


- = 
|. The Baſe, a»d Angle:at the Baſe given-; to find the - 
As Reading, to the Sine of the Baſe ; 
1, Perpendicular, do th Tang. of the Angle at the Baſe, to the Tang, 
of the' Perpendicular. | h 
(As Radixe, to-Sine Comp. the Boſe . 

2, Angle at the So Sine Ang! \ | 
_ gle at the Baſe, to Comp. Sine Angle at the. 

Perpendicular. Perpendicular. . | , 

As Radine, to Comp. Sine Angle the Baſe 3 
3. Hypes ene x JS Comp. Tang, Baſe, to Comp. Tavg. Hypotenx/e. 


II. 7be Perpendicular, aud Angle at the Baſe given; to find 
the | | 

. .» CAs Comp« Sine Perpendicular, to Radim 

- Angle at _—_ Comp. Sine planus Baſe, to Sine. Angle at the : 


Perpendicular. | 
. C As Sine Azgle at-the Baſe, to Radins. 3 
2, Hypotennſe. $5 Sine Perpendieulsr to Sine Hypotenuſe. 
Boſe, 3 Radiws, to Comp. Tang, Angle at Baſe 3 
"OO 250 Tang, Perpendieslar, to Sine of the Boſe. 


.. The - 
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II. The _— and Angle at the Baſe given; to find 
the 
— = {As Radius, to Comp. Sine Angle at the Baſe 3 
6 So Tang. Hypotenuſe, to Tangent the Baſe, * 
2, Perpendicu- { As Radius, to Sine Hypotemnuſe , 
lar. So Sine Angle at Baſe, to Sine Perpendicular. 


3. Angle at the As Radias, to Comp. Sine. Hypoteauſa] » 


: So is Tang, Angle at the Baſe, to Comp. T 
Perpendicular. at the Perpendicular. ang: 4ngle 
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IV. The Bale, and Perpendicular given; to find the 
As Radixs, to Comp. Sine- Perpendicular 3 
1. Hypotenuſe, So Comp: Sine Baſe, to Comps” Sine Hypotenuſe/ 
As Radixs, to Sing of the Baſe; 


6 2, Angleat Boſe. ho — Tang, Perpendicular, to Comp: Tang, An- 
gle at W- 


V. The Baſe, and Hypotenuſs given, to find the 


As Comp. Sine Baſe, to Radins 3 
1. Perpendicular. Jv Comp. Sine Hypotenuſe, to Comp; Sine Perpends 


cular. 


As Radius, to Tang, the Baſe 3 


2.. Angle at the 


; So Comp. Tang. Hypotennſe, to Comp. Sine Angle at ' 
aſe. Baſe. 
3- Angle at Per- F As Sine Hypotenuſe, to Radius, 

dicular. So Sine of the Baſe, Sine Angle at the-Perpendicular. - 


VI. The Angles at the Baſe, aud Perpendicular given, to find 
the 


As Sine Angle at the Perpendicular, t0-Redius; 


1. Perpendicular. &, Comp. Sine - Angle at the Baſe, . ta-Comp« Fine _ 
Perpendicular. 


As Radius, to Co. Tan. of Angle at t | 
2, —_— So are Ange the ”, at th Boſl to Sine 
omp. the ypotennſol | 
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_ OY ——_—. th. 
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= W— — 


*S 


| -. CHAT XI 
The Application of Right Angled "Spherical Triangles, 
to fome Queſtions or Problems in Aſtronomy. 
_ . 


PRO 8B. |. 


Latitude” 50 deg. oo min. Northerly, Declination Northerly 
17 deg. 47 min. 7 demand the Suns Amplitude of Riſing or 
Setting, and the difference of Aſcenfion. | 


Fig. L.JN the Scheme RB 5. S, repreſents the Parallel of the 

| "Suns Declination ; B, the place of the Swns Rifing.z Bb, 
| is the difference of Aſcenſion, cqual to B. So that in the 
Triangle G AB ( right angled at A) we have-given the Angleat ©, 
the Complement 6f the Latitude Jo degs00' 3 ( it is meaſured by the 
Arch DK.) The fide A B the Swns Declination, to hind the difference of 
Aſcenfion A © avd B B, Firlt, for the differeace of Aſcenſion, | 

This'is an Adjecent Extreme, and A © is the middle part, 


1. AS + Rodins, is =t0#. AB+ t. co. S, \ 
AB 17 deg. 47' t 9.50615 
t.co. © 40.deg, 00 ; 10.07618 

AG 22 deg. 28" 9.58233 : 


Which converted into time, is 1 bo. 29! 52” ; fo much the Sun ri- 
ſeth before fix of the Clock. By the knowing of which, ſeveral things 
will be found 4, as, the time of the Sxns Rafing and Setting, the Length 
of the Day and Night : Foxif I (ubſtrat the difference of Aſcenſion from 
6 of the Clock, it gives me the time of the Suns Rifingz if T adde it 
fo 6 bo. it gives me the time of the Suns Setting ( or the length of the 
afternoon 3 )-which doubled, is the Length of the Dayz and that ſub- 
tracted from 2# hours, gives me the Lengeb of the Night. 


Po |  PROB. 
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Ny —— —— xr n 
For the Suns Amplitude of Riſing or Setting, we have gives 


BA + Radiw, is = 


* = / 
AS Bthe Comp. of the Latit. 40 deg. o0'S* waits, oq58, 


A B the Suns Declination, 17 deg. 47' | 
To find © B the Swns Amplitude of Kills: C 


—_— 7 


i.BA 17 deg. 47”. 9.48489 . 
- $o o 40 deg. 00”, C0. ar. 019193 


rn 3B 28 deg. 247 9.67682 


Thus the Sun riſeth Eaſt 28 leg. 24' Northerly 3 | you may ſee it's 
'Northerly, by the Scheme. *y . IH 
And the Amplitude of the Suns Riſing, is very uſeful at Sca,'to find 
'the Variation of the Compaſi : tor ſo muchas the Sun riſeth by the Com- 
paſs to.the Northwards, or Eaſtwards of this true Amplitude of the 
Sun, {6 much' is the Variation of he Compalsz and you mult re&ifie 
your Courſe accordingly. * .. any. 
Now this little Triangle, (C if you mind it.) is made of the Com- 
plements of that Triangle B DE, whichT wrought the Caſes by 3 and 
if you ſubſtra& che things found in this, 61S hols Arches to 90 deg, 
you'll find the remainder.S to be the ſides of that ,as in the Scheme, 
E D is the Poſes Elevation, DK is'the mieaſure of the Angle at &, and 
* is the Complement of the Poles Elevation, © T7 © 
BE D is the hiour from midnfBht to theSuns riſmg, K A'is the mea- 
ſire of that Angle, whoſe Complement to go deg. is A &, the diffe- 
xerice of Aſcenſion, or the time between fix of the Clock and the Suns 
riling. | | "a 
DB is the Suns Azimmth from the North, B Sis the Suns Amplitude 
of riſing, and the Complement” of that 3. the Angles at B in each Triar- 
gle are cquial; EB is the Complement of the Suns Declination 3 B A.is 
the Complement of that ( namely, the Sxns Declination. J 4” 
I made uſe of the Angle. BE D to lay down the Caſes, becauſe it's 
ore viſible, and {6 ſheweth -more plainly than any other Triangle in » 
the Sphere. 1 ſuppoſe my Father made uſe of that Triangle for that 
ecaſon, and for theſake of the other Angles that depend upon it. 


PRO. 


a 1 
> 64 295 


odd 5 A 
4 4 

P 4 
. 

"2 © | 4 

= 

"—_ - 
. 


* Quin in Armony. 


Pros. IL 


Latitude 50 deg. oo. min. Northerly, Declination ery 
17 deg. 47 min. /demand the Suns height at 6 a Clock. 


260 is an Atimonth interſeing the Horizon, and cutting the Pa- 
rallel of Declination, in the place where the Sun is at fix of the Clock 3 
fo that O.& Ty Gatongk : fix a Clock : and to find it,we have 


in the little Triangle 6 & Angle at the center ©, the Poles Ele- 
vation. It's meaſured by the © Arch ED Fa _ 
"The Szas Declingtion © 6 17 wy 
It's an Oppoſite Extreme, and O 6 the Cl pes 
4.6 8O+ Rods; is = tO #. 5 6-6 O. 
4.8 6; 17 deg. 47' Fo ; » 948489 
:.6 8. © 50 deg. oo 9.88425 
5. 60 13 deg. 32" 9.36914 : 
Let the Latitude be the Angle O &. 6 50 deg. 00! 
The*8#ns Declination be & 6-. 17 deg- 47 


And let the Suns Azimuth be required OS =to61. 
16, VO + Rain, is = tO #- V6+1,9.60, 


tc. © 6 17:dege 47, 4 9.50615, ,, 

5.0, 68 O 50 deg. 00” £2 2 $8422” OA 

:. 5 O 14 deg, 73 * B» 9.39040 
P&08IV. \ 


Latitude Northerly 50. deg. 00 min." Declination Northerl 
17 deg. 47 min. "demand the ies bedght, being due Baſt 


or Welt. t <y [91 j4. 


- Et EX C be a Meridian, cuttin the Eaſt and Weſt Abbe =— 
the place where the Sun is ating th is over the Eaft point of the - TR 
Compaſs: ( which . is at X. ) Thep, in the lite Triangſe, NG .. 
( right ef atC) you RP 91 given XV © 5$0\deg. oo! 
( meaſuxed'by the Arch ZP che Latte, Paquinoetuy diſc from 
rag 
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. the Zenith ) and X C the Swns Declination to find X &, the Guns 
height being over the Eaſt point of the Horizon. 


( in this Caſe ) 
duc Eaft, namely 7 be. 29' 52”. 


Latitude 50deg, oo min. Nertherly;, Declination Nerter 


- 4+ \ 

= * p. o 
ab d. »* 
a. 


6. CX + Radiwyis =to.s, X 5 + 3, Xb©, 


5,X 5 C 50 deg. 00", cg. ar. 0.11574 

s.XC 17 dag. 47' 9.48489 

XS 23 dig. 30 9.69063” + | 
PaOm Vf 8 


Latitude 50 deg? oo min. Northerly  Declination Northery 


17 deg. 47 min. 7 demand the of the Suns being tie 
Eaſt. , 


TN the Triangle X C'& let C & X be the Latitude $0 deg, 00' 


And let C X be the Szns Declination 17 deg. 40' required C'S = 


to 6 N, © | 
7. © C + Radim, is =to 2.00, © 4-8.XC. 
rt, CX 17 deg. 47' 9.3981 9. | 
f,XS C 50 deg, oc 10.07618: | 
r. © C 22 deg. 28 | 9.58233 


And this 22 cp, at converted into titne, is 1 he, 29' 521 which ; 
ed to (ix hours, gives the time of the Suns being 


PaAOB, VI. 


x7 deg- 47 min 1 demand the Swns place in the Ecligtich, 

we. his greateſt. Declingtion }o be 23 deg. 30 tit * 
Apnl zhe 3oth 1690. 7] A 
N this Caſe we have no need of knowing the Latitude, for the find- 
ing the Suns place 3 but in the Triangle &'F2 ( right angled at 8) 


we have given, 


b & a the Suns greateſt Declination 23 2 ng) 4g 

4b is the preſent-Declination. <9" a N. 

And GO bis required ( the Suns place in the Ectiptick.) © 4) | 
| Yy abs 


% \ * 
C Wax a4 
- x74 a, b2 p. 
0 or = E <”'s i : 
; WER 
\ - 


re bo Liao b4-m be 


i. ba 17 degs 47 9.48489 
60S þ As 30', 0, ar. 0.39930 
1.45 49deg. 59 9.88419 : 


Now this 49 deg. 59' divide by 30 deg. and it gives me the degree 
(for is 49.dy, 59 de by 30 dy an egos 
| find it-comes to T9 dey: 59 tbovye" one Linc 3 ſo that he mui be 


VS. 


PaosB. VIE 


The Suns ders Declinativn is Z tiajtt. al let the 
Suns ogra Dectination Fe 1 bf Be Fe mitt. 7 demand bis 


right kt enfion, April the oth 1690. 
In the Triangle © b s we have given, 


bs 17 deg 47'Y 
b09o, 23's 3a! en Fonnpos 76 04 
required. 


And © s is 


1/ba rfdeg. 47 | 9638230 | _ 
#. co. 5 23 deg, 30 19.5008 - | 
$a” 28" ws , 6 

| PROB, vi 


Let the greateſt Declination bd ( as before ) 2.3 deg. 30 min- 
por” - Suns place in the Eeptick b be Av « XS; 59 min. 7 de- 
_ mand his preſent Declimation: 


la che fie Triange &'F4 x hen; a IF 
v3 = * Ons: 
4 
| rb} 61-606 7 b-f Kali, i = win puny! 
Declination. | "A 


00 Mm 2 be 4b 
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#8: b, 4p deg. 5g 94 » 9.88414. 
hah 23 deg. 30'  -*, . 9.60069 


1. ab 17 deg. 4 $ 9-484. 83. 


PROB. IX 


Latitude Northerly 50 deg, 60 min. Declination® 
x7 deg. 47 min. / demand the continuance of. Twis 


| T's the Opinion of all men, that when the Sun is 18 degrees under - 
] the Sos the day breaks. Admit it ſo here ; Mrs 1; | 
a Parallel 18 degrees below the'Horizon'z Z e is a great Cine 
zimuth inc&eſcRing the Parallel of 18 degrees in the pbint e 7/3 Sa fl 
io "the. right angled. Triangle © en (gight angled at'n) we 
given, | Ps 752 OO 

en 18 deg, Yo + pag 

$ Va $0 di. 00/ $1; e1:+ Radi 5=t0.14 Vn + 5. 5, 

to find e FJ; | 41270 bell} 


4 = 1 L | 
ens. 17 deg. o0' F.. i, @ 38 9.43998 .. "3.9 
e o& nl 40 deg. OO 5 C0. af. R 0.19193 T65 2 br, G 


G 2 5. 28 deg. 45' | 9-68191 


And this 26 deg. 59' converted into time, is 1 bo. 4$' neareſt the 
continuance of Twi-light. Sage V1 LES s, y 
Note, That QB is the continuance of Twi-light, but it Coos to- 

& a, here found, rd, £ | | wo 


| : PRoO B. X-* y 2. 9A 
To find the time of Day breaking, © 


WWE! give the ſame Latitude and Declination as before, and find | 
by it the continuance of Twi-light ( #s we have done before) 

to be 1 ho. 48/3. this ſubſtratcd from the time: of ; the Suns rifiag, - 
which was found before to; be 4 bo. 30' 08/,, leaves-the-time of day. 
breaking 2 bo. 42' x3 3 or if you adde it to the time.of the; Suns ſetting, 
it gives the time of Twi-light ending 09 be, x7'. 10135 uit; 


* 


Prom X1. 


Fufud the lnggh'of the Longeſt day in þ Labithds 
pA 5O deg. oo min. Northerly, Declination Northerly 
2.3 deg- 30 min. 7 demand the Tits 4 the Longef} vo in 
ſh 1p 1 RD 

Colbie itLog ba] dnt RvR 
Fig, I., Latitude, is when the hong i in the Tropick, : rib and 
that's the reaſon that 1 give the greateſt Dedinaticn N Nether, which x 
is upon the 2oth of 7 {9 then in the Scheme Fig, II. PABIisa 
Meridian, cutting Horizon is that Pt where the Sun riſeth, 
"namely at Az we in ne Wn AB ( right angled at'B) we . 
have given, . | 


AB the Sung greateſt ct Deciration A zo” 
nA ein lement of the Latitude 4o deg. 00' 
(=to'A ) ne difcrence'of Aſcenſion that day. 


BR Radix, is =to DANS S.: BY A. 


&.BA 23 deg. 30' | 9463830 
6 h.wBY A 40 deg. oo' - 0.07618 , 

BY zrdg1y', 0 971448 © 
This 31 dep. ws converted into tiene, is s 2 bohad/iidle'$* ; "which 
Es bows, rg the Forenoon ho. min. 
BO= toAL 08. 05 
Which MOEN 0s = Febuny | 16- 10 

DEI | 
| Pros. XII. 
To find the length of the\Shartef Night.'< 


Px the length of the longeſt day, as before, avd ſubſiract that from | 
* 24 hours, and it gives the ſhorteſt TOR It 'S here | '7 bo. 50o' = 


-PROB. 


. . - I - ; , *7 " V3» v p 4 \ , TT FF _ : 
. FyY oO i we - 1 
270 \ Y .» . 7, = 
- 


PROB. XI 


Latitude 50 degs 00 min. FEFL , Declination_ 
17 deg. 47 min. 1 demand the leg of the | 
that Latitude. © 


Know the length of the ſhorteſt Jay i is == to*the lkngth 
teſt night, a _ that was done in the a(t Problems 3 raed 
na ſoapy ire ee LE 06 NG EO 
am when. he is in the Tropick, qr randy) 
the Triangle DF = Fg yay ) you haye. given, 


D = A, the Complement of te Latte (hole mere OK) | 


F.D LEN Declination Southerly- 23 deg. of 


And = F (whichis=to 6D) is te difference of A | 
cenſion that day. | | 


7. K+ Radius, CON IOOPT CS) 
t AD 2 30 9.63830 - 
t.co.D _—_ oo! - -i- ai! "00718... 


1.8 Z 31 deg. 13 | an + "A. A ; 


This corwerted into time, and ſubſtxacted: from 6 hours, mw, Shag: 
length of the Forenoon 3 ; wOun CO ihe ets of the borteſ 
— day in that Latitude. | > 
{FSH .. 7. & 0700 
Example. — 07% 
# O'is =to D 5, the length of the Forenoon. Now you 6 bo, of 
— 


{ee that is not 6 = 
—_— houts by F b theoekore 2 bs. os 


_— —— 


And it leaves the length of the Forenoon : 3 3 5% 
2. 
Which doubled, iahe length ofithe day- & v1 =. 9. GO 


+. ? - p 


# þ \ : . « . n et if 

: . - S.. - %* _ - 1 
# hs 5 - Si > aL *R #I»+ 0 "* F —_, 

> D x _ >». x* 
- - = = a = 
in | 
. 
= 


PAOB, XIV, 
Latitude Nereherly. 50 deg. 00 min. Declination Soutberly 
17 deg; 47 min; 7 demand the _— + Bike 


N the Scheme Fig, lIL in the CR 
Fig = = h, we hive tees: Gyro PO _— 


The Sutis Declinatian C.R 17 des 47" 

The Complement, of Lotipade © 1 B 40.4 a. aRC+RAd is | 
= APO EIT Tt Fe 4 m6 i 
quired. 3 32 * | 


I leave © apt as your cnn pentdice 


PE@B. XV; A | * 
Latitude \ Norther min. Declination Southerly 
eto von 


Is *, we have g RE the Declina- 
Ga, 0 the Crmplagant 2a ro find 
rod ends Fo awry yr Jo rg. cs ts 


gr re NE 


fete Cl. from 6 hours, leaves the length of, the 
= Ix = toCB; which doubled, is the- length of che 
© 38 
That ſubftrated from af i ha ae the kength of the _ 


te time f eG NEE Gage 


The ſame difference "Yr: on brow frows 6 hours, gives the 
time of the Suns ſetting, 

The Suns Atimnth at 6 of the Clodtis 6b = to'4'=1, and in the 
Triargle 4 =: 6, right angledat 4, we have given 6 4 the Latitude, 
and = 6 the Declination, to find 4 * 3 Licave the operation of it to - 
your own practice. 


» 


PROB. 
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+ | ly, 
Pxos.-XV17 _ x1 
Latitude 50 degrees \Northerly, Declinationi\Southerly 5 dept. - 
47 min, 7 demand the Suns place and Ty dns Ne ws 


vember, 1 6 84. I 
y ' AH »U} | 
T2 Suns place in the Edliptick ivi m ah wad becale 
his Declination is Southerly, icis © ®; and in the Trix 

= W ©, right angled at V9, "you. have the Suns greateſt 
given, O=RW 23 <30';/and his preſent Declination © W pant 
47' , whereby you find the Right Aſcenſion in the Southeei Signes, W 
-before you did the ſame things in the Noxthern Si 

The Suns ten Aſcenſion is W-®, in the ſame Triangle, ads ' 
. found with the ſame*given thug that his place is, 7570 


PRkoEs.{XVIL. 


Latitude 50 Nartherly Declination Soithirly +7 dogs 17 
47 min. nw 


N this cale the San'is under the Horizon, when he paſſeth' the 
\J point of it, as at z.: ſo that't 6 is'found- ;in the” Triangle © 
it being =to X Sz and we'have + X, and 's X' given, to fin it 
When it dry. mr 6of' me . and:yor Haye/your 
. \'deſixe, Addeit to ge it gives you; CE 
due Welt, \ PR 
| \h 

PROB.XVILE - PALEMET 0 
Latitude and Declination being as IPO 7 demand the conti- 

wuance of T1 wi-light. We 


Ti contiougnce of Twi-light is. 4:2 3 , ſo that in the range | 
Im, right angled at m, we have piven, 


I = m, the Complement of the Poles 

Elevation 3 And I = is node? It's 1 bo; 

And 1 my the Suns depreſſion below 48' 
. the-Horizon, 


PROB. | 


i = we | 
as 
FS, ___ _ 
- - 11,4 
” 4 | Mag 
ww a Po ” 


RC pot was 
breaking, aus Twplig tag | © 
; We have before foard che time of the dos 6 be © They 272M 
4 Twi-light ( but now found | _ | 


The Remainder is the time of the Days breaking $5 bo 4% 


For Twilight end 3 add the continuance of Twi-light , to the 
F RE is and you have it ( for as much as the Sun - 
gives ms erncErmn=hnth 


Wo. 7 os 


we loſe | 
LY oy 

[.. Latitude Southerly, 50 deg. 00 min. Declination Southerly 17 

deg, 47 min. J demand the CE ESTY Ring nf % 


Setting, - 

- Ic Suns and is m R, and 
Fig. IV. Kat ax ok ung Seng WW - 
clination ge, \ Be complement of the Latitude ;- to find B a, "I 
— 1 Bri a” 37 OY ION 


it to the 


AAR. HOSRS. . ©. UII As GaGa | 


Pros "XXL 

To find the Suns beight at Six L4 the 6a; beving ow 
things ggvev. | | 

T:%z Gs he the hour of 6, is O 5, and ie falls i the 


riangle ®.O 6, wherein you have given O ® b,the 
titude 3 TT Decihatiol 3 Winds 


"Te fora 2ehth op Frm btn 

B32 RIOTS | 

He Suns imuth. at fix of the Clock i is wy; 4 to RO = ſo that 

in the r7$ht at ngle: Trian 6 OA, you tia0d the Blog Deck 

tbh and rhe Lite wen, to O the Artrtinth aft 6 xeon! | 
y n 29 "TT $f v 


"Pp KOs: XX 411, = ang fl al 
Fed Thiokus night. being due Eaſt, or Web. TY 


6 a Sh 6kintn is-avar the Ead poiat.of che 
in the Triangle R = 6 {( right ai 


have b =: 'R as Latitude, and R. b the Suns Declination given , n 
the Suns height being Eaſt FX. Welt : = NR. 


Pro 8B: xX1v 


To find the Suns place in the pet” 7 ” 


e& in-the Ecliptick Ms 2d hows the "x 
Hr Latin ML; hot 
Saris place in) thie & | 


. 41 ” 


NAA 


#; "15 nw ! 
"Pros, KXV;. 2: 200 09% 


The Suns right Aſcention is ® L in the ſame T riangle given, t to 
find the difference of Aſcent ion. 


T< difference of Afeevcion is BS =t0'A &, Wd in the Tit 
gle B A = you have the: Suns Declination and cr 
of che Latitude © given to find it. | 


-PROB. KRvt-s 
For the length of the Day and Night. 
A Dd the iffcrences of Aſcention to 6 hours and double it, and you 


have the leogth of the Day, and that ſubſtraQed from 2  haaey 
; Frey, of the i=. ; ; | 


a3 


PARSE: *XXVIL . ©": HR 
For the time of the urns Riforg, and Setting. "+: "> 35." 
Te IM 


mainder is the time of the-$uns Riſing 3 add it <9 6 hours and it 
rnd: aodyder new, es te /i+:9-ach, DhA 


- 


-* PROB. XX VET. y Lites -R 
_ To find the time of the Saas ein ay Eaft. ; 


He time of the Suns being due Eaſt is meaſured from 6 to 1,0 
? | b &,and is found igthe'right angled. le x b R,add it to 6 
hours ( after" it is converted into time } and you have your deſire : 


ſobre faaes C ligpnienhf it chew Ede of the Syns being duc 


_T "XXIX; 5 3G 6 
For the length of- the longeſt Day in the Jo 


— | On muſt'conceive.the San 40 /be. io the T; of a, be- 
Y cauſe you are in a South coba.s the pk i 
or rence of Aſcention that day, a gn day was In North ; 
w Latitude. Fai 
4 The flioricft'd i che Quaplimeatcf tiekinged 4a that La- 
” titude to ney perro Day. 
W- PROB. /XXX. 
ent oo The gontiniuance of inilights') to 94k 


bean have e W 18 de. AOROOPY 
of the Latitude given, in the hn rn 


_— " . . | 
*# 4 
: y £ " 4 a k % 
: . p vie F . of 
BLUES A 1 IOSELETHNP © 
* | : : . » Þ 
y 4 Fe -0d I f e s : wn -» ry > he 
> - . *& o bs) p © = : E a » * 
'y on, y, g-> 4 : * 
us » y) 
. ® : wh TE - ' : 4 E W_ 
— mn " SY .* a - 
1 » = « £ 
, \ 
« 


+ 4 ” gb \ v 
2 E « M0 Fd 


"Re tethis of Dy ak - 


Ubſtra® the continuance of Twilight from the time of oe, 
BY rr ans pang? ary oper thetims of the Sorin ; ſetting = 
continuance wh £9 
| * fore found) and you havethe time of Ap: _ =; 
Ss, right _ $ i: foegſes Ms 


, * * 


bay —_ 
47 


I "CHAP, XXX Luiniln, | 
The Do&trine of Oblique Spherical Triengless 


r the R #8 Þry Caſes of mn Oblige 
| EEE take Je han an 
4. I\IL ad\ S\1 19 02.9% \\ Wha 6 
That the Sine. of every Angle, of a Spherical Tri mn 
Sine of -5po6e oi eg boa os ge pond 
Fs Sine of "hs Em * | 
\ 0 & that the war ane or theſe io 

fanie Ta Cd creat 


* More, 1 9 ' 1{9iriu 07 = 24 


” 2503 11 


CASE 1.4 4 
Two fides of an OMigle Splericab, Tr Iwith an Angle 
te mo t zVen, ar le nk 
i AO ee oe Fu Yn 


4 S 9] Ks 113s 4:1 9ormn” ' 
8 Dmit I the Re followi ) that chend be/giverf the fin- 
po P, which repreſents the Sans Azimath from the North 


+ 08 wits 45' the Complement of the Iatitude PZ 40 deg. 00 the 
i.” ,* . Complement of the Suns Declination E P 72 deg. 13', and iywene 
by hn LEP be has ii be SIP 
ES» eg 4 | WR 
"x; as GY | the MIO, B's, 


« *< 
A S ? a a \ 2 g \ 
«3; *.; 4 . — y- "8 «a>; of 4 ee * "1 *,. * — Ta, y* _—_ 
*. 5 P _ , , 4. 4 . . MN 4 n 4 Ky + oh « %/ 


-_ 


Agaurit Page 2/76. 


AGVUEGStI, -. ISdJdO LNA.LVd 


; 


A&.. * 
CIS T1 


TIME IT OS Ly 
n C 
 ? 4 Ye , - 

LID 
4 0 dy w 

_ 9 _ » 

= ©} »£ WT 

1265 oY 
A, 


aft B20) Aur 468 » 
$80 S> $3.98 7 


ro Ie 
ktoEZ ma 


I 
So iSZ P54 40 deg. 00 | 8 ZL 
ToZEPr.33 degs 4 aafe . - © 0:74400 _ |. 4 
CASE 2. | . 
Two Angles, _ a fide oppoſite - to one of PRs to find the. © 
) fide T0 fo the Fe 4 ; og | | 
- Tn the ſame Triavgje GT _ ; _ 
f , PZ 40 deg. 00 | 5; 
C1) E BE" 41 $$ And ket EP begin | 
OZE 55 deg. 157 
[ 25-4 
( SS tee, - Hay then, 
Ass.ZEP 23 deg. 41 ©0. ar. 028601 . 
T To s. ZP - 40 deg. 00 ates. 
's SE ZO. 55 deg. 15/ "I _ 991465, 
- Tos-EP - 72 deg. 13/ | | 9:97872. 
F The reaſon isplain-3-for.if you let falt the Perpendiewlar Z. B 
J from the _——_ eZ. it x ron the Triangle into two right angled... 


Triangles, namely Z BPand ZBE ; I Gay then, that ZB ind Radius 
is cqual to the 7. «. of ZÞ and P; becauſe the Pependiclsr is the 
middle part -and it is an oppoſite Extreme (in riangle ZBP) 
and this is proved'by the firſt General Axiome, That the Sine of the mid=-. 
dle part with Radius , is == 20 the Sine Complement of the oppeſite Ex-- 
tremes. 

Now the ſame Perpendicalar and* Radius in the Triangle ZBE is = 
to Z P and-P, and thereforeallo = to Z E and E, for there it's an op-- 
polite Extreme alſo, and in both the Perpendicular is-the middle part, 
and ſo put with Redixsz ſo that from hence it's evident that - 

ZPandP,is=toZEand E ( the two Extremes in one to-- 
the two Extreams in the. ones} and —— 


"WW TS. ON * "8 I a ", w. P 
n = ST 4 *7 AN ph Tye. _ — ST A +>, 
—- V,: w> £5" - #7 - © + F : 
PR « = 84 1” _ 8 %.: . ky 3 4 
- FA : we 
# FR: oe 2 4 | 


ro 
- - of - 


I; toZE the E ie © | 
So is P the a Ne... 
o E the Ang! the oth 
Ac this rate t if one T 
ven any things- to find the 
to find that RI IEECY 


given 


ZP and P, to find the Pepeniclr 2B, you would fa 
1. Z Bo Radins, is = to: . 2 Pb 5. 
| Why then when gon pot chings lnxcpomdency, | would fox, 
tA; pe acer rey © The like is,to be underſipod 
So is.s. Z P E in proportion to 9,ZE BF of any other, + 
To avoid three Operations, we ſhall uſe this way through 
ſes of an Oblique Triangle, and only point at the way ow 
= right aged Triangles (after As TR is reduced to 
t Angles. 


A general Scheme i, r Latitude 50 in 00 Min. Herb 
Declination Northerly 17 %y, 47 min. 


% 


_— 7 P is a mention ns 
Angle of Poſition, E P is the 
E Þ Z4s the hour from Noon. 


Of the eight Gaſes of an Obliove a Trian- 
gle, and how to refokve them ether 2t two or + 


three Operations (which you pleaſe.) 


By letting fall a Perpengiculat rom auy ſide of a Txjangte,/ you-.di- 
vide it into two Right Angles 3 and to-do it for your Ro in 
working, pray obſerve this Caution : 


cryieat of the Suns Declination, 


_ 


Let it fall | that in one of te K b Hut Trl » you may bave two 


of the.g1 5 entire, and t (as often 4s you can) entire in 
the otbers eat ſure they be part in one, ag! ated i the other. 


CASE 3. 


Two Sides aud. the contained Angle gives, to find the SPP 
Angles. 


N the Triangle ARG (repreſented i in the Johethe a by 
*'EZP) let there be given, 


The fe AG 72 deg. 13 
The Angle atA 42 deg- 27/9. 


Let fall the Perpendicular 
R I within the Tviangle, from 
Ge ON at R, and 
it reſolves © que Triatt- 

e GRA into Ck. nd G 


name 
RIA. v.f 


The ſide AR 49 deg. 00 77 1-  ap 
gles G 


| 4 TAY mr % k Fo. 
gc AIR, Lhans jven,, ha I : 
'f 5%, IVA tt 
 &t 
The fide AR | 
To find the Perpendicular IR. 
D 
;.R A 40 deg. of g.80806 
-  %»A.42 rings =p a = R | th then i 
, 4.1R 25 deg- 43 _ 963733 
Next Pl find I A, URL hs | | 
A 42 deg. 27 | I 
Dae SAR 40 des 00! 1; 60. Aj Redine, =nAl+.iAR 
p Required I A & | 
t.co. AR 40 OO, co. ar. ©. 9.92381 al 
F. £0. 45 av | '___ b.86797 _—_ 
Al 31 dep 46 939178 ' 
Which ſubſtraQted from AG 72 deg. 13” 
Leaves wh A 40 deg. 27' 
| Lit Fart hae 2 
(RI 25 deg. 43 
CGI 40deg. 27/2 I-17» : 
IR 25 dep. 43's C0. ar. 1729. fc 
4 1G 4odeg. 27' | | 9.81210: - - 
| t.co. G 36 deg. 35' 10.12939 ; is U 
Ls | at 
ve And thus the Angle at G is found to be 36 Nea 
| reſolving the Triangle into two Right hogs, Yn gb 


General Axiome. But there is a nearer way ( as 1 have hinted, a 
laid dowr. the proportion before ) : for when I have found: 
ſo IG, which ſhould have been the firſt things found Longo or 

e fpandency we do not find the Perperdiculat at all ) ww" 


The Do&rine of Oblique Spherical Triangles. 28x 
der what ſhall call A, and AI, in the right.angled Triangle AIR, 
to find the-P, icular R I, and the ſame't wilt.call them, - to put 
them.in reſp&dency with I1.G and G, the Baſe and Angle at the Baſe in 
" the Triangle RIG: © | 


(Al 3H | 
Data.yh C1 Radius, is = tot. co A 1.1 R. - 
2 RD T T 
| = 
; PFIl ay then, 
As 5. 1 A the Arch found 31 deg. 46', ©. ar, 0.27863 
Is to 5. 1 G the ſecond Arch 40 deg. 277 + * 9.81210 
q So is t» co. A + 42 deg. 27' 10.03870 
To t. co. Q/ ; 36 deg. +3 5 10.1294 3- 


Thus the Angle G is found at two' Operations 3 but-we (hall touch 
at both ways, for ſome will like one of theſe ways, and ſome the other; 


Example 2. To find the Angle at R, 


' Admit we have given, as before, 
The fide AR + 40deg. oo ; 
The Angle'at A 42 deg; 27 FA let GR A be required, 
The fide AG 72 deg. 13'9, ® | 


In this caſe, *tis the. beſt way 
to Jet fall the Perpendicular 
without the Triangle (as Gl is) 
for then you have the Oblique 
Triangle reduced into two 
Right Angles, namely GIR © G 
and GI A, both right angled 

al, 


And in the Triangle GI A, we have given AG 72 dege 13/ 
And the Angle at A 42 deg. 27" 
Whereby we may find the Arch A I. , 

4. co. A+ Radic, is =tot. Al-þr.co A G. 


Oo 
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t. co. AG 72 deg. 13", ©. ar. © 9394 
5.397 


Sto. A 2 deg, 27' 


* t Al 66 deg. 3o' 10.36191 
If from A I now found " , 66 deg. 30 
You ſubltrat A R | 40 deg. oo 
The gemainder is R I 26 deg. 30 | 


This done, conſider which will be the reſpondent things to. find the 
Angle GR 1; and 1 find that I have All the Boſe in the Triangle 
G1A,and the Baſe I R in the little Triangle GT R. Allo the Al | 
at the Boſe in the great Triangle (namely A ) reſpondent to the Any: 
34 at the Boſe in the little Triangle G R I. _ So that now well 
what we ſhall call AI, and the Angle at A ( in the great Triangle) 
to find the Perpendicularz and 1 will call them fo, to put them in | 


reſpondenſes. 
Secondly. 


cAl 
Pad Ti 1A + Rodin =tot:c.A4q-t. IG, 
UG 


As 3. 1A 66 deg. 30 cv. ar- ©,03760 
Is tos. RI 26 deg. YO 9.64952 
So is #. co. A 42 deg. 27 0.03870. 
Tot. co. GR I 61 deg. 59' | 9.72582 
. Thus the Angle GR I is | 659 os ' 
, Whoſe Complement to i180 ©0 
Is GR A the Angle required. 118 or, 


But if in the ſecond place you had found the Perpendicalar, then 
in the Triangle GR I we ſhould have had the Perpendicular 1G 
given, and the Baſe I R ( before found ) whereby we may find-the 
_ Aingle GRIT. | 

wa 
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*Example : Firſt, far the Perpendicular G1. 


s. Al 66 deg. zo R 9.96239 
#%o. A 4a deg. 27' <0: ar. 996129 
t. 1G -39 dep. 59 - 9:92368 


Secondly, for the Angle G R 1. 


SL 39d. 59 
pan 26 deg. 30/ A+ Kline = ORIH401 
Required >R1 


2. G1 EE 39 deg. 59 ca; ar. 0.07644 . 
I, + 26 deg. 30' 9.64952 


1. co.GRI 64 deg. 59' ; 9.72596 


In the like manner it will.fall out, that you may xeſalve {as 1 faid . 
before ) all the Caſes but two ( both of right angled and oblique an- 
pled bans, > by that -one Generel Axiome. 

Sine of the middle part with Radius, 8c. 

I intend dah, to, point at the Ing the Caſes at HEE z 

and to do them anely at two. 


- 


CASE 4. 


Tn w Sides and their contained Angle given, to find the third 
ide, 


In the Triangle G R A, let there be given is: - 
RA 40deg. oo' 

. ' AG -. 92 deg. 13 Foe letthe fide R G be required. 
$ "i 42 deg. 27" 


Fl let fall the Perpendicular from the Angle at R within the Trian- 
gle, and it falls-ypon the.fide'G A at I, and divides the Triangle ipto 
the two right nght ag Triangles ATRand GIR; and we have given 
in the Triangle R (*Triaygle 1, ) 


s 4 


Oo 2 -. The 


C.. 
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The fide AR 40 ropes, Fr 
The Angle A 42 dege 27' And let the Arch Al be required, 


_ 5:00, A Radims, is = tO. co. AR ++. &1. 


RA t.co. 40 d. 00' co.are 9492381 
A s.co, 42 d, 27 9.86797 


R — 
Alt. 314.460 9.79178 
From A G 72 deg. 1;/. 


A Subftrat AI 31 deg, 46 
The remain. is G I 40 deg. 27 


I confider now, that I A the Baſe in the Triangle I A Ris 
dent to I G, the Baſe in the Triangle G1R3 andthat RA is 
dent to G R the thing required : and therefore conſider what I ſhould 
call AR and I A, to tind the Perpendicular, and will call them fo taput 
them in refpondency. 

As 5. co. T A co..ar. .31 deg. 46' 0.07047 

— OM To 5.co.l G 40 deg. 27' 9.88136 
Re” © Therefore So 5s. co. A R* 40 deg, oo g.88425 


To. .co. RG 46 deg. 43' 9.83608 


But inſtead of —_ of it in reſpondency, we might have found 
the Perpendicular in the ſecond place and then we had IR andIG | 
in- the Trigngle G1R, to have tound GR (in the third place: ) 
but the working things in reſpondency is better. 


Example 2., 
Admit there be given (in Triangle the ſecond) 
deg.. min. | 
RA | 40 oof And let it be required | 
The fide RG 46. 43(. to find the fide GA, 
The Angle at R, namely GRA 1x18 oo I AEY 


In , 


ww . —». =” 
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4 p E, SY 
- « 7 


In-this caſe I let-fall the Perpendicalar either from' G or A without 


the Triangle, as in this ſecond Triangle, and then in the tight angled - 


Triangle GI R, I-have given, 


GR | 46 deg. 45 IT 
GRI- * 62 deg. o& > Whereby may find the Areb I R. 
(The Comp. of GR A to 180 9.) 

$5.00, R | Radins, is =to t:co, GR 1,R1, 


tico.G R.46 dig” coare 0026039 
5.co, IR G 62 4, 00” 9.671609 


9.697648 


To RA io 060066) 
If you adde the ArchR I 26 4. 30 


The ſum is I R A 66 4. 30 


t,RI264 30 


A: 


[ conſider /now! that” R Fthe Baſe in the little Triangle -G1R, is. 


| given me and &s reſpondent is AR I the Baſe in the great Triangle 


GIA, ( which is given me too) alſo G R is given me in the little 


Triangle-{ it's the Hy fepule ) and;reſpondent to GA the -Hypote- 
nuſe in the greater Tring e, and the thing, required : and 0/9 [ 


conſider what 1 ſhould call I R and R G, to find the Perpendicular 3. 


and ſo Fall them to put'them in reſpondency. 


20 As .co, IR ' 26:deg. 30' co.ar.. 0.04820 
1. co. R.GY Is to 5. co. TA 66 deg. 30 9.60069 
C Therefore So is 7. co. GR: 46 deg. 43' ©. 9.83607 

Fs C0s I R 


* of . 


But if 'you had found* the 
Perpengicular ( in "the ſecond 
place ) then inthe third place 
you would haye ha& I A;-and 
IG, to have found the ſide re- / 
quired G A, in the great Tri- 
angle GI A: oy 

in this caſe you might have G 


: = 
TI 


let fall the Perpendicular, as here I this third Triangle, from the Angle 


at. 


'To s. co. GA #2 deg. 13' required 9.48496: - 


;  IW0 
CF 1. 
" 
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at A, and fo you would have had AR and AR  { the Com 

of GRA to 24 Taj ) to have found R1 ( the, Baſe 
Triangle RIA) that found, you have it, and R A en to 
I G, and A G in the great Triangk, which would have done the Tame s 


ching, 


CASE 5$: 


Two Sides, with au Angle oppoſite to One "of them, wu to fad 
the. Angle between them, 


Let therebe Wh in the Triangle 5. 2 


RA '40.deg- © 
Thefide GA _ 72 deg, 73 pine hee} wade 


The Angle at G 36 deg. 35/ 


Tf you let fall the Perpendicular without the Triangle ( as here in 
the third Triangle ) then'you have YN in the Tri GIA _ 


angled at.I ) . 
Thertle GA 52 dep 23 a ae £ 
7. 0. GA + Radin,is==to tuce,'Go- t. .GA1: 
CG t. co. 36 deg. gf C0e Ars 9:37079 
GAs. o ' 72 dey. 13' 9.48489 
GAIr. w. -77eg. 14 .. -.1,:9:35563 
Y I conſider now, that oY in 
__ the t Triangle is reſpon- 
Re * A R i he Ty TA- 
angle .{ being both the Hypo- 
% -nenps) .and. G A] in. the 
; {xeat viangl is ent to 
| {A RAlio the little one, 1ſee 
G then what 1 ſhould all G A 


and G Al to find the Pependicaler AT ; and the ſame I cal them,0 
put them in reſpondency. er 


. 
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Ast: co, GA 72 deg. 23 c&ar, 0.49334. 


i. GAHh Is to tco:AR 40 dey. © 0.07618 
© The 1.co. GAT 77 deg. is 9.34435 

t,0.GA PR 
To £.co.RAT 34.deg. 47' 9491437 

From G Al. 77 deg. 14 By reaſon of the negled of the fxa- 


Subftrat R Al 34 _ 47'C Qions of a ginute in each fide 
——( ad Ag/e, this is near. one mi- 
The rema..isG AR 42 deg. 27' ) nute out. 


Example the Second, 


Th Gas G oP rl vo mW let the Angle 
e ide 
The Angle at A, namely G, AR - _ = R A be requized.. 


In this caſe we let- fall the 
Perpendicular within, ain the 
firſt Triangle, and fo we ſhall 
_ AR; and the Angle at 

A given ( in the right angled 
Triangle ATR ) to find G 
ARI. | 


Data. Ty _ 7 S. C0. RAS Redine, is =to0t. &e AT 


UR A required, SF #6 ABL 
te. co A. 42 deg. 27' C£0,4r. 9.96129 
r.co, RA 40 deg. oof 9.88425 
t. coo ARI J4 deg. 59 9.84554 


Next, I conſider that I have given in the Triangle AIR, the ide 
AR, and AR 1, Theſe being reſpondent to RE given in the Tri- 
angle GR I, and GR I the other of the Angle G RA required; 
I conſider then what Iſhould call AR and IRA, to fnd the Peper 
dicular R1, end the Game I call themin nlgoadency 


"*. 258 Tho Dim of Obie Spbericl Tang 


As t-ca, RA 40 deg. oo' coar. g.923813 | 
«lk A Is to t.co.R G 46 deg.. 43' 9.973960 
C Therefore So is 5.co. IR A 54 deg. 59 '9 758771 
t.co. R A — 


To's. co. I R G 63 deg. o1' 9.656544 


But if you had found the ah rye Wh as you might have done. 
( in the ſecond pla&) then would you' have had G R and the Perpen- 
dicular, ( in the Triangle GI R ) to have found GR 1. 


Add IR G' thus found to be 
To I R A before found to be 


And you have GR A the Angle requir'd II $ dog. go 


| CASE 6. RP + lege 
Two Sides with-ai Angle oppoſite to one of them given, to find 
the third Side. ** | PRs. wh ifs 


Let the fide A G be as before * . 972 dep 13". 
The fide G R be 45 deg. 43 
The Angle at A namely R A G be 42 deg. 27' 
And let the fide A R be required. ; 


Let fall the Perpendicular asin this ſecond Triangle from Gand (0 in 
the right angled Triangle AI G I have given. LO] 


AG 72 deg. 13'} Whereby I may find the Arch 
A 42 deg. 27'F AT. Ah 


5.00 A Radius, is =tot. o, AG dt. Al 


t. co. AG 72 deg. 13' a. or. 0.49334 
Sc A 42 deg. 27' 9.86797 


Al 66 deg. 30 10:3618r - 
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Now Lhnws given G A the: -- / 
Hypotenule in the great Trian- / 
Das its Reſpondent G R in £ " LO 
the little Triangle; alſo A I J 
the Baſe in the great Triangle, 
Reſpondent to R I the Baſe in 57 
the little Triangle, whereby I CG 
may find R I, which being done, @ 
ſubſtraſt it from 1 A, and che 4 
remainder is R A, the fide required. // 


Example. 


| confidex what AG and A 1 muſt be called , to find the Perpendi- 
 exlar, and: the ſame I call them to put them in reſpondency: 


As #4. co. G'A 72 deg. 13' co. at. © 0.51510 


GA .eT Is to 1.coR G46 deg. 43) 9.83607 
Al 5s. F Therefore So x. co. A I 66 deg. 30' 9.60069 


\ To xs.co.R I 26 deg. 30' 9.95185 


From the Arch AT firſt found 66 deg. 30 
Subftra& I R here found .26 deg. 30 


And you have R. A the fide required 40 deg; 09' 


Here inſtead of putting.things in reſpondency , you might have 
found the” Perpendicular in the ſecond place, and fo you would have had 
GRand Glgivenin the little Triangle G1 R to tind R 1. 


Example the S ecoiid.. | 
Let there be given the fide AR 40 4. oo'y And let the fide GR + 
The fide AG , _ 72 d. 7d be required in the 
And let the Angleat R name= 118 4. 00'3 third Triangle. 
. hGRAbe ot NG. 18 M1 
Tf. you let fall CDS A; as A Þz than you have'gl- 
venin the Triangle ART (right angled at[) | b 71 2bgi 2th 
$ Pp The 


% 0 
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" The fide AR 40 deg. 00 Tr Mt” 
The Angle GR A -ieby you they find wie Arch 1 

Its cs. o180d.AR F 62 go} ; a_ 

tt mn 


3, KR 62 ov 9:64 664 
#RA 40 oo vgog8ry 


LT LISESWEY 


FY \ gd RI 21 $t "9495444 
- I conſilet what 'A Rad 

A R-1 muſt hecalltd'rs find the 

G Perpendicular,and fo I call them 


to put them in reſpondency, 


| Lac co. AR 46 tg. OO! 0, ar. 
Toxs.c. AG 72 dep: 13 
So z.coRTI 21 deg. 30 


To 5. co, 1G 68 dep. 14 


FromI G | 6B ul. 14 
SubſtraQt IR 21 deg. 31' 


The remaind.is R G 46 teg. 43 
Here in the-ſecond place inſtead of pcs til ih ' ttſpondency, 


you might have found the Perpendicular and then you would have had 
IA and A Gto have found G1 in the tight angked Trlangte G TA. 


CASE 7. 2 


Two Angles and the Side between them gfuen , to find the third 


A ws 


Let there be given in the firſt Nag 3 A 
The Angle at A 2 deg. 27' 
The Hgle at R 118 deg. 0c" its Comp. to 280. qo ARTS: "- 
The tide RA 40 ag: 
And let it be required to find the Angle at 


To 


— gm — — P*Y 
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Toreſolve this Queſtion , let fall the Perpendicular within the cf | 
angle as you ſee in Triangle faſt and then in the right angled Triangle | 
AIR we have given 


= Fx nut oY C Whereby we may find AR I 


tA 42 deg. 27 9.96129 

nw AR 40 ; =. *O0/ 9.88425 

1. TRA 54 deg. 59' | 9.84554 
From 118 deg. oo G'RA 
SubſtrzQ 54 deg. 59 IRA 


es re nd 


The remainder is 63 deg. 01' IR G 


Now you have A and A R Iin 
the Triangle AIR given, and ow 
are reſpondent to G RI, and 
Angle at G , ſo that] ſee hat I 
muſt call A, and ART, to find 
the Perpendicular, and the ſame 1 
= them to put them in. xeſpon* 
ency. 


A HR b 
Pas JAB. Fru9 ho Badiy is = 16 » ARI+%x, ©” RI. 
R Ireq) 


I lay then; 
ASzARI "54 deg. 59 C0» ar. *- 0,@8672 
Is tO 5, GRI 63 deg. or pohopg 
SO IS s. co. A - 42 deg. 27' 9.86797 
Tor.oG. 36 dep. 35 9.90463 


\ Herein the ſecond place you t have found the ne 
and you would have had R Ces F to have found found' the Angte 
a G (in the right angled Triangle R'F G ) 


Pp 2 Example 


» 
Fd 


Example the Second. 


” 
- . 
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AG 72 dep. 13' 
Data, 3 AG 42 deg. 27/Requrd GRA 


G 36 deg. 35) 


T To reſolve this Queſtion, you 
__ may let fall the Perpendicular Cl» 


ther from A or G,it's indifferent 


ag” z \ which, ( but here we uſe it as 
5 | \ let fall from A ) and in the 
; L-—T RI Triangle A G1 we have given 
: "A 


AG 
4. GETo find G A1. 
't.G 36 deg. 35' 9.87052 
s.co. GA 72 deg. 13 9.48489 
r.co.G Al 77 deg. 14 9.35541 
From G AI 77 deg. 14 
$ubſtrat&t GAR 42 deg. 27' 


The remainder is R AT 34 deg. 47' 


Go that now we have G and G All in the Triangle GI A given; 


and they are reſpondent to R Al ( given in-the little Triangle 


) and 


the required Angle ( its Complement to 180 deg, 00” ARF 


We may ſay then, 
As 5. GAl 77 deg. 14' co. ar. 0.01090 
Is tos. RAI 34 deg. 47 9.75623 
So is 5. co. G 36 deg. 35 | 9490471 
To 17.co. AR 1 61 deg. 59 | 9.67184 


We might have found the Perpendicxlar in the ſecond place, and fo 
we ſhould have had l AantR AI to have found A RI the Angle re 
quired ( in-the Triangle AR 1 ) 


CASE 


w 
. 
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Two Angles and the Side between them given to find one of AER 
ther Sides. | 


Let there. be given in the TriahgleG RA 
.The Angle at R 118 deg. od | 


The Angle at A 42 deg. 27' I 3 
- The fideAR 40 deg. 00” 
And let R G be renfiicd. 


Here let fall the Perpendicu- 
lz fromR.,and then in theTri- 
angle A R. I ( right angled at 
| ) we have given AR and: 7 
the Angle at A, whereby we may find the Angle IR A. 


1.c.R A + Radars, is'= tOf. co. A + t,co.1R A; 


t.A 42 deg. 27' 9.961291 . 

$.coo AR 40 deg. oc 9.884254. 

?, co. TRA 54 deg, 59” — 9.845545 

From GR A n 18 deg. oof 
Subſtra& I R A now found 54 deg. 59 } 


And the remainder is IR G ;.- 63 deg. on' 


Now we have Givet AR and1 R. A, in the Triangle Al R, which. 
is reſpondent. to ( given inthe Triangle ) an 7 required: 
I conſider what I muſt call, AR and 1R:A,to. find the Perpendicular :- 


and the ſame I call them to put them in reſpondency. 


' | "As 1.0. LR A 54 deg: 59 C0» af» 0524122 
t.co RA Is to. 7.c6l R G. 63 degs, 08/ | *; 9.65676 
IR a $ Therefore So is #. co, A R 40 deg. 00! £0.07618 


To #. c. RG: 46 deg. 43/ 9 97446 
t 
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C But in the ſecond place, with AR and IR A, you might have 
found the Perpendicular z and ſa you-wopld have had RI and GR] 
in that Triavglc, to have found RG required. 


— 


Example the Second, 


| Let there be given, as before, 
The Angle at R, namely GR A 118 4.00' Its Comp. to 180 4,4 
The Angle ARI 62 deg. o0'Y Wes 


RA. 40 deg. 00'S dt AG b equi, 
GAR 42 deg. 27'). 


In this Caſe, let fall the Perpendicular without the Triangle from | 
A, and ſo in the right angled Triangle AR L we have given; © | 


, d, m. 
AR 40 O©O 7. co. R A + Raging, is= tO t. os. 
ARI 6z oof IRA+:.umRAL 
To fmdR Al. 
X »IRA 624.00 0.29432 
1c. RA 40d. oc 9.88425 


— — 


t.coR AI 344.46 10.15857 


To the AnggivenG AR 424. 27 

; Taddthis Anglefound 344.46 

| And it makes ber 77 del; 
” haSb ak HAG.6. EY 


We have now in the Triangle RAl Cght angled at I ) the fide 

RA, ard R Al given 3 which things are reſpondent to the given 4n- 

G Al, and the required fide G A (inthe Fri GFA; J-Icon- 

er what R A and R A1 muſt be calied, to find che Propexgienlar, 
and fo I call them to put them in reſpondency. into e's 


- ( As 5.co. RAT 34 deg. 46' coare 0.08540 
ten RAY t05.c0l AG 47) deg. 13/ 9434491 
d There So is t.co.R A 40.deg.. 00 20aÞ7618 


py ————_—_—— - 


- 


To tc, AG 72 deg. 13' 950649 
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If you have a mind, you may. ( in this ſecond place) find the Per- 
pendjcular, with R A and R A I: giveo tn the Triangle RAI; and 
then with the Perpendicular given, and I AG C in that great Trian- 
z) you ay find ( at the third Operation) the fidle GA required 
here. 


Ve 
Y 


-CASE'sg: mf bad ©- 
Two A les, and a Side oppoſite to one 0 A = d. 
the $ife behweek Ohem. yl ſh ourn __ 


[it there be given the-2ipie 
tO, md th og ie, and 
the Side RA 3, apd tet. ; the 
fide G A be required, Y 


G is 36d. 35 
\ k 22 ons G 
RAis 40d. o0' 


L 9 Vt! 1 WC, 71 


Let all'the P OO within ale Trane from My, ard "_y he 
Triangle ATR, veture given, 


AR. yodg of Þ.  -  - 242386 
A 42 deg- 27%, Wea £2 1: 986797 
Al 31 deg» 46' . + f, DA 
| Re what I muſt call A and 1A, to put themin reſpondency with. 
G and GL 
' As t. co. A 42 deg. 7 9.96129 
as ' Taxco G. 36d: 35" 112947 
Romy: 1" d Therefore 7So 7. Al. 31 deg. 46 Lan ah 
'Tos.1-G 40 deg, 27' | 9.81212- 
Adde I'G here found 40 deg. 27 
To Al before found | " 31 deg. 46'. 


The ſum is G A the ſide required 72 deg. 13 


Example 


a ; =. p 9 y ? 2 g —— ls | *« - lf P - o " ” 5 Ko 

__ : p * " A Y WET y 

” , L ” R % o k . 
. # £ ® : F*- i , 7 4 .: S * "4 
, - ] : «ft # { T, A. 
96 rine 0 - 
v 
. - 

. % ' . , 
| | poiq | af or ) gm uoy Dain Ed 404 
i . : - E ® F 


| Example 2. + | 


Let the 4ngle G be given, as before, tobe _. . 1:36 deg. 35/ * 

The Angle at R (its Compl. to 180 deg. AR I) be 62. deg. oo 

The Side G A 72'deg. 1; 
And {ct the Side G R-be' required. 


Op © ©" Bleſh, forthe anb Cl. 
Ot. G A .co.G +K 
b-- %" Dango i$=t01., 


DCE v I requ {3 3 [ 
ort3 73337 b a 4k HZ og 
1.GA 72 4, 13' ; 6.4938 
NA 5.00. G 36 d."35% 9.90411 


—_— —— —— 


x3 1,GI 684, 14', 10.35855 


I conſider now I have I G A given, and GI in the great Trianglc 
G1 A, that are«eſpondent. tothe given, Angle AR 1, and R1. 
Conſider qwhat you rituſt call G I and G, to find the Perpendias 
lar. | KEN | 
Ast. AGI 36 deg. 35' ' 9.87052 
To#.-c-ARI 62 degz00 co -. 19472567; 
So 5, Gl 68 deg. 14® 9.96787 


Tos.RI 21 deg. 31' ' 9.56406 
This I R 21 deg. 31 
Subtract from GJ 68 deg. 14 
Leaves GR / 0 46 deg. 43' + 
Thus the required Side is * 46 deg. 43/ | 
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CASE ro, | 


Two Angles, and a Side oppoſite to one of them, given ; to find 
the third Angle. ; 


| \ 
Let there be given, 
The Angle at A 42 deg. 27' 
The Angle at G 36 deg. 35' KR 
The Side GR 46 deg. 43' 
 Idemand the Angle GRA. 
: # 
| Here T have GR and G gi- b 
| ven me, ( in the right angled © G es : A 
Triangle GIR ) whereby I 
may ind GR þ | 
t. G 36 dep. 35' 9.87052 
1.c. GR 46 deg. 43” 9.83607 
t.co GRI 63 deg. 02'*- 9.70659 
Next, for the Angle I R A. 
AS s. co. G 36 deg. 35' co. ar : 0.09528 
To s. c, A. 42 deg. 27' -- 9-867 97 
So 3, GRY 63 deg, O2' "- 9.950do... 
Tos.IRA 54 deg. 59" 9.91325 | 
. s 
This Angle-l RA 54 deg. 59' 
Added to the Angle GRI 63 deg. 02 


Makes the Angle reqaizxed G RA © 118 deg. on' 


Theſe be the Eight Cafes of ®Spherical Triangle, which are reſolved 
by letting fall the Perpendicular from ſome one Angle thereof... There 
be two Cafes' moxe, which may be reſolved by letting fall a Perpendi- 
cular; and not onely that way, but ſeveral other ways, as is largely __— 
and very.plainly d:monltzated in my Father's Book, called The Doftrine 
of Triangles. -I think nothing of ſo high a nature can be -'plainer de- 
monltrated, than the reaſon of the Rule it (elf, I refer the Reader to 


" Q q that 
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« that for variety, and ſhall onely uſe one of them ways as a choice way 


to me3 though -to others the reſt may ſeem as plain, and indeed 
are. 


| CASE 11. 
The three Sides of a Triang/e given, to find an Angle: 


Ake half the difference between the two ſides that contain the 4-. 

gle you look for, and adde it to halt the other fide ( which muſt 

. be oppoſite to that Angle 3) and likewiſe ſubſtraQt it from the fame, * 
noting the Sam and Remainder. * 


Then, this is the RULE. 


To the Complements Arithmetical of the Sines of the Sides that 
contain the required Angle, adde the Sines of the Sum and 
Remainder - ( before noted) and the half of that Sum or Total, 
ſhall be the Artificial Sine of half the Avgle required. 


Example, in the Triangle GRA. 
R Let there be given in the Tri 
gle GR K my 


R G- 46 d. 43'y-And let: the 
AR 409. co Angle A be 
A AG 724. 13')'  requixe. 


 * 

A Gis 72 deg, 13/ 
R A is 40 deg. od 
Their difference * 32 deg. 13' 


The £ difference is gs deg. 6? 


GR oppoſite to A, is 46 deg. 43' the half of it is 
The halt difference being added, 2 difference 


Gives the ſum; ſum 
Subſtracted, it leaves for the remainder; remainder 
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d. m. 


RA 5. 40 OO - en, &rs 0.19193 
GAL 72 13 C0. ar 0.02126 
Sum F, 39 27 * 9.80305 
Remainder 9. ' of 15 - 9.10105 


Total 19.11729 


% 


: Af 21 deg. 13' & : Total 9455864 
Doubled is 42 deg. 27' The Angle at A required; 


| Example the Second. 
Fig. [. A Dmit in the Triangle G AR, in this Scheme following, 
we have given,  - 
d. m. 
AR the Complement of the Latitude 40 OO 
R G the Complement of the Suns height 79 ©0 


AG the Complement of the Suns Declination 99 10 
And let the Angle at A (which is the hour from Noon) be required. 


In this caſe, one of the ſides, namely G A, is above 90 deg. But I 
would have you remember that the Sine of an Angle above 90d 
is alſo the Sine of an Angle as much leſs than godegrees 3 and {o 
when you would take the Sine of 99 deg. 10' here given,take the Sine 
of 80 deg. 50' 3 which is as much leſs than 90 degrees,as 99 deg. 10' 
is more. « 


I: - d. mM. 
The fide AG is gg 10 - 
The fide ARis 40 ©o & ma: 


GR is . 99 00 
The differenceis $9 10 — 


| The half of GRis 39 30 
The half diffexence is 28 35 
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d. m. "— VB 
GR 39 30JRA 40 OO co. ar. 5. OIg19 
: Differences 29 35(AG 99g Io C0. df. FS. oor 
Sum 69g o5({Sum 69 09 5. 9.97039 
Remainder 0o9 55 Remainder 09 55 he 2 $3070 
19.40397 


es eee 


The half of A is 30 deg 13'; 9.70198 
2 


Which doubled,is & 6o deg. 27" 


} am the willinger to do Examples of this nature, becauſe *tis o 
uſeful at Seca for nding the Variation of the Compaſs, as I ſhall ſhew 
at lazge, when 1 come to the Application of it to Aſtxanomy, wherel 
purpoſe to vary this Caſe. | 


CASE 1:z. 


The three Angles of an Oblique Spherical Triangle given, to find 
the Sides. 


Apuiti the Triangle ( here following ) there be given, 


d. m. 
The Angleat A 36s 35) | 
The Angle at B 216 ord And the ſide B Dbe required. 
The Angleat D *. 42 272 


i 74 If we convert the Angles 

into Sides, andithe Sides into 

Angles, we may do this as we 

did the laſt, obſerving the 

ſame Rulc for the ſolurion of 
A D them; onely taking the 


fide required. 


And adde that to half the Angle _=_ to that'ſide, and ſublira. 
is tom it, noting the ſum and remgiuecr. Then 
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Then this is the RULE. 


To the Complements Arithmetical of the Sines of them two An- 
gles joyning to the Side _— if you adde the Sines of the 
aforeſaid ſum and remainder, the half of that ſum or total is 
the Sine of half the Side required. 


a 
| d, m. . 
The Angle at B, itsComplement to 180 deg.is _ 61.59 
The Angle at Dis by © 
The difference between the Angles is . 19 32 
The half difference is 9 46 


Half the Angle at A is is 17 5 


. Sum 28" 635 

Remainder o8 Ty 

r. B 6 deg. 59' 09.97% 0.05413 
. D 42 deg. 27" ©, ar- * 0.17073 
5. The fum 28 deg. 03/ 9.67243 
5, The remainder 0©8 dep. 31 _ 9.17054 
Sum 19.06783 

s. Half DB 20 deg. o0' Half ſum 9.33391 


Doubled, it's DB 40 deg. 0o'©@& required. 


I might have ſhewed the ſeveral Queſtions that would be framed 
from one Oblique Triangle, which are 60 in all ; but my Father hath 
pointed to them as he goes along, in the Dodtrine of the Sphere, and 
they all come under theſe Rules that I have laid down: ſo that there 
can be no Caſe of either right angled Spherical Triangles, or Oblique ; 
but you are fitted readily to reſolve it. I will do a little in Quadran- 
tal Triangles, and fo to the Application of all theſe : Firſt, in 
Aſtronomy, and then in. ivg by a Great Cirele, 


CHAP. 


The Doftrine of Spherical 


CHAP. XXXII. 
Of Quadrantal Triangles. 


If a Triangle have one or more of its fides 90 degrees or a Quadran, it; © 
called a Quadrantal Triangle. 
Sin the Scheme going the Triangle A R Bis aquadran. © 

Fig. I. A tal Triangle, bows e the fide ARis a Quadrer. 

And as in a right angled Triangle there be fave things conſiderable 
beſides the right Angle, fo ina quadrantal there be five things conſide- 
rable befides the quadrantal fide 3' and theſe five things are three of 
them noted to bs Complements, ( namely them three ) that lie- - 
fartheſt from the quadrantal fide 3 the - other two things that 
lie next the quadrantal fide are not noted by their Complements; 
juſt as if is from a right Angle in a right angled Triangle; fo it is 
from a quadrantal fide in a quadrantal Triangle, and in every kind fo 
to be accounted, | 

Then you may note that the Angle at A and the Angle at R arent 
parted by the fide A R, no more than the fide ALand LB is 
by the right Angle L, ( in that right angled Triangle B L A ) but all 
things to correſpond from the quadrantal fide in this Triangle, as they 
do from the right Angle in a right angled Triangle: Theſe things pre- 
miſed we'll depend upon the Rule or Axiome, and proceed” to Ex- 
ample. | 

Ihe Sine of the middle part with Radius , is equal to the Tangents of 
the adjacent Extremes, or to the Sines Complement of the Oppoſite Ex- 


s Fremes. 


CASES. 


The two Angles next the Quadrantal Side given, to find either of 
the other two Sides. X 


In the quadrantal Triangle AR B ( the quadrantal fide is A R ) 


Let there be given the Angle, at A the Suns Poſition) | 
between the Pole and the Zenith at his riſing ( the} 36 deg. 26" 
Complement of L AB to 90 deg. ) k 


The 
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The Angle at R (namely A RB) the Suns Azimuth of riſing = *% 
to AL 61 deg. 38", and let B A the Suns Declination Complement be 


required, 


I conſider here ( that if A R do not part them )' then *tis an adja- 
cent Extreme, and A is the middle part. . 


i. A+ Radius, is =tot, Rr. co. AB. 


t.R G1 deg. 38' (9. are 9.93235: 
s.A 36 deg. 26' 9.77370 
t.co AB - 72 deg. 13' 9.59605 


And thus-the Compliment of the Suns Declinationis the ſame that 
it was in the right angled Triangle A LB, 


Note, that the parts of- this quadrantal Triangle are the Comple- 
ments of the right angled Triangle that I wrought thoſe Caſes of-a- 
right angled Triangle by, except A B-C which is a fide of that and of 
this too) and A RB, which is = toALi in that; for RB is the 
Complement of BL to go deg. and ABR is the Complement of 
 ABL to 180 deg. and R A Bis the Complement-of L AB to 90 deg. 
and though AB R-be abovean Angle of 90 deg. *tis but uſing its 
Complement to 180 deg. (which is A BL as though it were the real 
Angle it ſelf; and the reaſon of it is, becauſe an Angle le(s than go deg, 
hath the ſame Sine or Tangent that an Angle as much greater ( as we 
have ſhewed before ) ſo that in all reſpe&s we may work from the 
quadrantal fide here R A as we did from the right Angle there. 

intend onely to ſhew one Example in an Oppoſite Extreme and 
_ the other 14 Caſes of a Quadrantal Triangle to your own pra=. 

ice, 


CASE 2. 
A Side and the Angle oppoſite to the Quadrantal Side being gi- 
ven, to find one of the other Angles. 
In the Triangle A BR let there be given - 
— TheSuns Complement of Declination A B 72 deg. 13 
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The hour of- the Suns rifing from 12 of the Clock at Noon A BR 

. 112 deg. 28 (its Complement to 1Bo deg. is 67 deg. 32') » 
And let the Suns Azimuth of rikng A R B be rcquized. 


—M} 72 deg. 13/ 4 
Data.4A BR. 112 deg. abu Radis = to 3.BAS;8 
q R B is required. T 


k 


s. BA 72 deg. 13' __— 9:97873 
i. ABR 67 deg. 32' (Its Complement to 180 deg. ) 9.96571 


——— 


s. ARB 61 deg. 38 9.94444 


And thus the Suns Azimxth of rifing is found with the ſame caſe as 
in the right angled Triangle ALB. 

So then the Suns Amplitzde of tiling is ao the Complement of this 
Angle found to go deg. namely Y RA 38 deg. 22/ ; becauſe I would 
be brief 1 leave theſe things to your vwn practice. and come nextto the 
application of this DoGrine of Triangles both in Aſtronomy and Sai- 
ling by the Arch of a great Circle. . 


———_ — 


CHAP. XXX1I1. 


Oblique Spherical Triangles applied to ſome Queſtions 
in Aſtronomy. | 


Fig. HILT. © abreviate the applicatory part of Oblique Spherical 
'S . þ Triangles, I uſed this real Triangle of the Sphear 
ARG, wherein (as I then neted ) 


AR repreſents the Complement cf the Latitude. 
A the Hour trom Noon. 

C the Angle of the Suns Poſition. 

A G the Complement of the Suns Dedclination. 
G R the Complement of the Suns Height, 

GR A the Suns Azimuth from the North, 


' QUEST. 


pled Army, " 305 _ 


QUEST.” 'r. 


Admit T be in the Latitude of 50 deg. oo min. North, and at 
9 ho. Tomin. 12 ſec. in the Forenoon Twould know the Suns 


| Azimuth from the Eaſt the Horizon , allowing the 
| . Suns Declination to be bee eh x7 deg. 47 min. 


Subſtra@he hone 9 bs 10 12" from 12 hours, and fo l have 2 ho. 
| be ' 48"; Peng panel 6 Dogper> 


6 he le at MERICEY: 27' 3 ve the Complement 
G 72 deg. gage yon =acm hypo 


late AR 40 yu oO/, 


To find the Angle G R A the Sans Auauth 
From the North, and conſequently from'the Eaſt or Weſt. 


This very Queſtivri-s reſolved: in che hint Gaſc-of Oblique: Trian- 
ples, Example the — look there and you may be ſatisfied how to 
attain your 


ItisSGRA | 113 deg. oo 
From which if you ſubltat AR Co ue . 90 deg. oo 


£- —_— 


The reminders. $2 6 from the Ea , 
bngrr "Tb which was required, 28 deg. 00 


QUEST. z. 


Admit the Suns Neclination-be , yl ly 
Litivade, F484 he 50 X —— 
our from Noon be 42 be .27 No FR t 

th Suns Pofition with the Zenith aud the North P ole. 


yn mint 


1, 


d. M. 

[ this Queſtion we have given the Angle at A 42 27 

The fide A R, which is the Comp. of the Latitude 40 OO 
The Suns Declination Complement G A 72 13 > 


And the. Angle required is G the Angle of the Suns Poſition. 
Rr flere 
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Here is two ſides, and a contained Angle-given , to find an Angle: 
and you have the queſtion reſolved in the” firſt Example in the bind 
Caſe: It is 36 deg. 35 min. da) 


_ \ La . P 


OUIRERNe ng 


9 \\ wen? 


Let the C pp—_—_ of the Suns Declination be 72 deg. 73 
min. Northerly; the' Latitude be 50 deg, 00 min.” Norther- 
ly, the hour XX _ go =_ deg, 27 min: df even the 


Stns height. + £1 36 WIND. 20 
MI } 3771 ; MIT Dþ 97:9 nongnthbs dans? 
; \s of, f ets 
Here is given the Angle at A 42 27_ 
The fide G A 72 13 


Ws Complement of the Latitude, which is AR - '40 | ©0 


\ 


"And R' Q the anos array ye Þ rorgory _m—_ eQquizedſT 


9111 UqaneX jog! 


R That is two Rm abd' the 
| contained Angle given, to find 
the third fide; and i will 
ſee the fame Queſt 
A in the fourth Baſe Caſe; * 


G | y "pkement of the" 
: 43""the yg 


'GR'is 46 deg 
height then is he Complement of that*.to k fro. in che Scheme 
F G 43 deg. 17'. 


After this maqner ro hoon "Tables" of 'the $a for 
every” Hour {nd Wk Mite of day for the th 'of und 
Quadrants. | 


> > = '5 COLDS He OD 


- I 


p 


' GA, which ſubſtrat 


# » 4 


x ""% 0 4 $ % 'S 
« «a. © «© * 4 » 
"Applied to Aftronomy. 307. 
LF. $1 aid 6 # Woes G : E 'F 'G ' ; > 5 ; $1 | 
N 4 $ * 
| / = 


| 3 It "X} 6A 


Admit 1 were in the Latitude of 50 deg. 00 min. Nortberly, 
and obſerved the Suns height to be' 43 deg. 17 min. at- the 


ſame time ( if his Azimut from :the North be 118 deg. 4 
demand his Declination. 


Ulbſtrat 50 deg. 00”. from 90 deg. andTo I have jo 
g AR the Complement of the titude 
be _ R, is the Suns Ow _ i | 118 des, 0! 
And if. yon ſubſiraRt the Suns Altitude 4} An77 $ "46" Mg" 


40 deg. o0' 


from 90 deg. you have G R 
And G A, the Complement of the Suns Declination is required. 


You may ſee. this Qu on reſolved in the ſecond Exzmple of the 
third Caſe, an@'the'Ce ent of the Sans Dtdlinatfor;is/72'2p. 1 3/ 


m'A MX in the'Schane; leaves the Suns D:- 


clination X G 17 deg« .47.- . K-75 bane) 


QUEST. 5. 


Admit 1 amr im the Latitude of 50 deg, ao min. Narth Lati- 
tude, and "the Swns Declination Northerly" be 17 eg. 47 
min. 7 demand the hour of the day, (provided the Comple- 
ment of the Suns Altitude be 46 deg. 43 min. ) 


WELD IX, TIOID ” 20. 
The Complement of the Latitude is A R _ 
The Compltment of the Suns Declination is AG **= 2 
The Complement of the Suns Altitude is G R 45 43 


The hour from Noon or Angle at A is required. - 
This Queſtion is reſolved under the Eleventh Caſe, anditis A 


42 deg. 27' ; after this manner you may find the hour of the day 
+ Rr 2 for 
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for every height of the Sun » it is here converted into time 2 be, 49/ 
4” before 12 of the Clock, which is 9 of the Clock 10' 12," Jp 
the ſame caſe you may with the fame things given find the Sung- 
Azimuth at that time. And in the fame manner, with the fame things, 
you may find the Suns Angle of Potition. Þ will do an © of- 
it here, to find the Suns Azinezth, becanſe *tis of great uſe for the fin« 
ding the Variation of the Compaſs. 


QUEST. 6. 


Admit the Suns Almicanther, or hetght above the Horizon, be 
43 deg. 17 min. its Complement 46 deg. 43 min, the Con 
plement of the Suns Declination be 72 deg. 13 min. the Lt 
titude that I am in be 50 deg,” 00 Mink 1 demand the San 
Azimuth from the North. | 


d. m 
"CG R the Complement of the Suns height 45 43 
Dae $G A he Complement o th Sr nation 72 -, 13, 
CA R the Complement of the Latitude .* 40; 00 
I demand the Suns Azimwbfrom the North R. 
Thefide AR is 40 deg. oo! 
The fide R G is 46 deg. 43*. 
Their difference is 06 degs« 437, 
Half their diffexcnce is 3 deg. 2n' go" 
Half GAis | 36 de. 06' 30” 
Adde the half difference 03 deg. 21' 30” 
The Sum is 39 deg, 28/ oo” 


The remainder is 32 dog. 45' 00” 


dpplicd to Afrnwny.” gag" 


& mt 


RA | 40 , 00. ar. 019192 

$. GR' 46 43 ear. 0.137 

5. the Sum 39 29 9.80320 

5. the Remainder 33 45 9:33347 
Halfthe Angle required is half A 19.86618 

Vhich is 59 deg. 00 9.93309 


So that this 59 deg. 00' doubled, is 118 deg. 00' the Angle at R re- Ky 


Thus the Suns Azimath may be found: at arty time of the day by ob- 
ſerving hisheight, which is uſed vexy much going to the. Eaft-Iadies, 
and ſome times to other parxts, asat the Weſtern Iſlands, Greenland, 
Kc, | 

If in the Queſtion preceding, you would know the Suns Azimuth- 
from the Eaft, *tis but ſublirating 90 deg. from the Azimuth found, 
and you have it 3 becauſe it's from the North ſo much above 8 points 
or 90 deg. it's here Eaſt 28 deg. Southerly. - | | 

But if the Angle at; Rt had-not been fo much. as. g0- dep, then you 
mult have ſubftrated the Angle found from 90 deg. and it would have 
given the Suns Azimmb from the Eaſt. 5 

If you would know the Suns 4zimath fromthe South ( inthe 
Queſtion)” you muſt have ſubſtracted the Angle fourml from 180 degr .Qof 
and it would have given your deſire :- But theſe things 1 leave to your- - 
own pra@ice. 

There be ſeveral things that you may tind in this Triangle of great” 
uſe ( as you nay ſee by what is ſaid already ) in Navigation, which 
your praQice wilt make you perfect in , and therefore to thatl refer 
you, 
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| QUEST 7. "+: ai 

Admit. 1 be in North. Latitude 50 de 4 oo min. and At.'z ho. 
49.min. 48 ſec. after 12 of the Clock in the Afternoon, I 
would know the Suns height above the Forizon,” the Suns 
Declination pay Southerly 9 deg. 10 min. | 


F;jo. IV. mit. ucſtion will be preſented in Schick IV. whe 
8: l [ there is given, in the Triangle GRA, ©** 


The fide AR 40 deg. 00' 
The hour after 12 a clock, converted into degrees and 4 | 
minutes, GAR bx eg. 27 
The Complement of the Suns Declination ( of his di- 4 p 
ſtance from the Notth Pole) GR 1.99 4 "t 


And let the Complement of the'Suns height be etal: GR. 


' I conſider here we have two fi des, and the contained wk give 
to find the'third fide. ah 


1 let fall the Perpendicular from R, whith kh is it) "WY Thane, as R I 
' © andſoin the'right angled Triangle R 1 A, I have given, 


RA . 40 deg. 


RAC 42 deg. 3 co, AJ Radins, is = to't, co. AR 41; Al 
To tind Al. | PO WAKE +, BIrger 


Rad. 10. 


co.s. RAT 47 deg. 33 9.86797 
t.RA + 4O deg. o& 9.92381 
t AI 31 deg, 46' Y9.79178 


This AI 31 deg, 46' ( being (the Suns "diſtance from the North 
Pole ) Sublicated from AG 99 deg. 10' there remains 67 deg- 
24' for I G, 


* ad 


- 


"pitt tb" ftibnonlyi" 4th 
And now. we haye 1.G reſpondent to IA 3. and the thing required 
G R, is reſpondent to R A, the Latitude given : fo that 


AS Fe C0. A l 58 deg. 14 C0. ar. . 0.07047 
4s'to's. co. 1 G 42 clegi 36* L 9:58466 * 
So'is5i.co. AR 50 deg. oof DIA BBg2s: © 


. » To &. <. GR.” 20g. 15! the Sins height ro:53938 L 
| The Complement, whereof- 69 deg. 45' is the fide GR required. 


In this manner you may find the Suns height for eyery hour or mi- 
nute of the day*:- Jetthfe Suns D&lination: be tither Northerly or Sou- 
therly; Or if the Latitude were Southerly,. from. the South Pole in 
ſuch a Triangle as this is, you may-find._ any-thing that you/do in a 
Northern Latitude. I need not do Examples of every one, becauſe it 
will take up too much room, 


| **QUEST: 7. | 
The Latitude aud Longitude of any Star given; to find his 
Right Aſcenfion and Declination. 


ddmit Perfius's right Shoulder be Longitude ,25 deg. 18'9f ©, and 
have North Latitude 34 deg- 30's I demand.bis Right Afccnlign-and 
Declination. Hp AQ >, : 


Fig V. Ote, that the Latitude of a Star is the diſtance of that 

Star from the Ecliptick, either Northerly or Southerly, 
in a Circle that cuts the Ecliptick from the Poles thereof : as. inthe Fi- 
gure * L is the Latitude of the , dr its diſtance in'the Circle B* L 


—_— 


which comes. from B.the Pole of the Ecliptick. | abolzaa <1 
. The Longitude of a Star is his place in the Ecliptick, or his diſtance 
in. the Ecliptick, From Y' counting the Signes ſucceſſively, as O Y. 
Right Aſcenſion of the Sun or of a Star,- is alike, namely that Meri- 
dian-difſtance from Y that comes with, the F, and cuts the EquinoQi- 
al. Now: where it ciits the, iy ary +, there is the Stars Right A(-. 
cenſion, as here A # cats the EquinoRial in-1: and 'therefore-LY" is 
the Stars Right Aſcenſion =to the Angle IA Y. 


Here 


Here then (in the Triangle * BA) wehave given, | 


AB the diſtance of the North Pole from the Pole of the 4. 
Ecliptick $ 23 deg. 30 

X B the Complement of the Stars Latitude 55 deg, zo 

X B A the Stars Longitude from Cancer | 34 deg. 42' 


To find farſt the Complement of the Stars Declinathon A *, we will 
let fall the Perpendicular AE; and fo.in the right angled Triangle 
BE A thereis given, 


5. 00. Bþ Radius, is = tO #. ev \ BAS*.BE, 


d. m. 4d m 
AB 23 309+. BA 23 30 9.63830 
Das BA 34 44h cw. AB 34 42 9-91494 
CTo find BE t.BE I9 40 9455324 

This BE ſubſiraQed from B * 55 30 

Leaves E * 35 yo 

Say then again, 
| d. m ; 
'As 5: £0. BE I9 40 ca 0.02616 
Is to 5.0.  E 35 50 9.90887 
So is 1:co. BA 23 30 9.96239 
To xs. co. A *, 37 52 __ » pibgrt 
From AXOI 00 


Subfirat A * o found _ 52 | 
The remainderis #1 52 08 + © The Stars Devllinuclon required, 


| Az 
Next, for the Angle AB. *© 


d. m. 
As rn. *A 37 58 r9, Ps 0.21198 
Tor. * BA 34 #5 9275532 
SO 7. * B 55 30 | 9491 599 
Tos. XAB 49 51 9.88326 


_ bs . 4 p l h, nw 
= . F C py G _—_ YI 4 ' ' A. P - . owl 
- % . - . = [B- - > » wh , 
W/ 117 ft " +.,.4 © a 7nd $28 
= ” * 
: (1 "1h 13 
ti 0 
pa . 


This 49 deg- ; y is che Complemetit of * A Bto 180 deg, So that 
the Angle here looked for, is the Right Aſcenſion 130 deg. 09' 
* From which if youſubltrat BAY Q9O deg. 00/ 
The remainder is FAY -. © © qo deg. o9 
= to which, is | Y, the Right Aſcenſion of the * required. 


/ 


And the zeafon is plaig : for AY is g0deg.and AI is go deg. 
therefore I Y' is the meaſure of the Angie.Y" A * 1, or qual to it. 


QUEST. 8. 


Admit the Right Aſcenſion of the” ſame Star , namely Perfius's 
right Shoulder, were 40 deg. 09 min. and the Declination : 
oi were 52 deg. 8 min. 1 demand the Latitude and Lon- 
gitude of the ſame Star. | ; 


TY would be the converſe of the former Queſtion : fog the ſame 
thing is required here, that was given there. _ 


For inthe Triangle * AB, I havegiven, 


*A  _ 4odeg. og its Right Aſcenſion, 
Which added to A B 90 deg. oo 
Gives the Stars Right Aſcenſion : 
from the North, # A B es on 4 
| ” 0 * 
And the Declination of the Star is I * 52 08 
Whoſe Gomplement to 90 degiMA,is * A_.. 37.52 
And.A B is as before the Pole of the Eclipticks 
diſtance from the Poles Elevation. - y C < WE ns 
d, m. 
So that thus I have given (I fay) # A 37 52 
The Angle at A, namely * AB 139 og * 
And the fide AB 23 30 


* 44 ! - 
That is, two ſides and a contained Angle, to find the third fide; and 
the Angle AB #*; that is, the L_ _ Longitude of that Star. 


* 
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I have thus delineated the ion, and need not do an Example of _ 
it, but lcave it to your own praQice, for brevity ſake; and'betauſe 1-- 
have ſhewed ſeveral Examples of this nature in the Do&trinal*part'of 
Spherical Triangles. "x ; 


2. 


QUEST. 9. 


Admit that I be. in the Latitude of 51 deg, 30 min. and tht 
I ita day of Auguſt, 1684. the Sun hath North - Declination 
x1 deg. 54 min. Now Perſius's right Shoulder hath Right 
Aſeenfion 40 deg,” 09 min. and / obſerve him before he comes 
to the Meridian , and find his Altitude 30 deg. oo min. I 
demand his time of coming to the Meridian, and the true time 
of Night. | x 

. Note, That the Declination of Perfius*s right . Shoulder is 'Northerly - 
52 deg. 09". . 


. > VI 4 Orthe reſolving this Queſtion, *ewill be aocelſary in the | 
Fig. VI 4 ug place to find the Suns Right Aſcenſion : "Toattain 
which, | 


In the Triangle Y R ©, right angled atR. 
d. 2 0.36169 


R Y © the Suns greateſt Declin. 23 3o(#. 9432373 
peed © the Suns preſent Declipation 11 54F <= 
Required YR =to », 29 00 Ys. 9.68542 
Here we have found \ R'tobe 29 deg. os 
Which ſubftracted from ® 180 deg. oo' 
, ——_ — 
It gives the Suns Right Aſcenſion 151 deg. oo' 


If you ask why YT R is not the Suns Right Aſcenſion, I have 
you conſider the time of year 3 the Sun is in Leo, and that muſt be a 
great way from T* : fo that the diſtance that we found wayy * R 
29 deg. 00', the Suns diſtance from ®, which is = to R. .” 


/ © { a $4 


\ 
- MW. 


= ——_— OM | —_P 


Applied to Aſtronomy momy. 
Next, for-the Angle * zÞ 


We have given in that Triangle A B D, the fide AB, a. 4 
which is the Stars Declination Complement : 37 ag. 

A D the Complement of the Stars Altitude © .. 60 deg. 

The Complement of the Latitude BD 38 deg. 3 


And AB D, the Angle of the Stars, being ſhort of the Meridian of 
South, is required 3 that is, three fides given tor find an Angle. 


d. m. : "6: Wh 
The fide AB is 37 51)CHilfADis 30 . 00 
The fide BD is 38 3of YHalf difference added oo _ 19 
Difference oo 3ol Sum Jo 19 
Half difference oo 19) Remainder,” 29 4r 
s. BA 37 deg. gi" "7" 36 0.21211 * © 

s. BD . 38 deg. 30' coar... 0.20585 

5. Sum 30 deg. 19 9.70310 

5. Remainder 29 deg. 41' ; 9.69478 

I 9.81584. 
ABD its half 54 deg. o0' 9.90732 
2 | 


Doubled is 108 deg. oo 
The Angle requized-A-B-D,- (-the time after. this oblcrvation, before 


this Star will come upon the Meridian ) which is. 7 ho. 12', 


But for the hour of this Stars coming upon the Meridian, 


d.  m. 

I adde to the Right Aſcenſion of the Star | 40 og 
Twenty four hours or V5 7 360 oo 
And from that ſum, being = ; 400 Og 
Subſirat the Suns Right Aſcenſion 151 Oo 
And the remainder is ; 249 of 
Which converted into time, is 16 h1. 36! 36 
| Sſ 2 mo - 


* 
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£o lorg after 12 of,che clock at Noon it will be, before - that Star * 
«tto, whichis at-4 @ clock 36 36” in the Mor. 


will be upon the Me 
ning. 


And lafily, for to know 'the true time of Night that 1 obſerved the 
Star. | 


Subſtrat the time between my obſerving the Star, gil eel 
and his coming to the Meridian, which was #"0e" BY 
From the time after Noon that the Star will beg , _-, , 
upon the,Meridian F phobansFe < Þ ZE 
And the remainder is the true. time T obſerved at 09 bo. 24/ 36" 


And thus you may find the hour of the Night at any time, by taking 
the height of a known Star (provided you know his Place, Right 4ſ- 
cenfion, and Declination ; and the. Suns Declination or Place in the Eeli- 
ptick,,) whereby you may find his Right Aſcenſion  ( as hath been 
fſhewed ) by that and his greateſt Declination, 


But indeed it's neceſſary to have Tables of the Suns Right Aſcenſun 
by one, as well as of the Starsz and therefore upon ſecond thoughts | 
have here placed them, though it was not my intent at firſt. 


216 Oblique Spherical Triangles, , © 
© lorg after 12 of ghe clock at Noon it will be; before - that Star- 


will be upon the-M , whichis at-4.2 clock 36! 36” in the Mor- 
ning. 


And laſtly, for to know the true time of Night that 1 obſerved the 


Star. 


Subſtrat the time between my obſerving the Star, 
and his coming to the Meridian, which was 
From the time after Noon that the Star will be& _. be. 28 580 

upon the,Meridian | EO IPs [2 x3 
And the remainder is the true time T obſerved at 09 bo. 24' 36" 


” 


7 bo.- 12! 


And thus you may find the hour of the Night at any time, by taking 
the height of a known Star (provided you know his Place, Right Aſ- 
cenfion, and Declination 3 and the Suns Declination or Place in the Ecli- 
ptick,,) whereby you may find his Right Aſcenſion ( as hath been 
fhewed ) by that and his greateſt Declination, - 


But indeed it's neceffary to have Tabtes of the Swns Right Aſcenſun 
by one, as well as of the Stars z and therefore upon thoughts [ 
'have here placed them, though it was not my intent at firſt, 


_— - c_— -= 


—_— AS_  A©A&DL 


Aba. 


Jpped Afr. iy 


T Table of the Suns Right Afccnſ 
which may ſerve for all theggears of Declination ( for ordi-| 


on, converted into Time : 


, 
40 
_ 
W 
.* 


[5 


| —— 


nary uſes. ) 
January. | Febrxry. 
© Right: ol Right 
Aſcenhon.| Aſcentfign. 
hy mel by, ms 
i9 ' 32] 21 - '4© 
19 574 21 44 
19 41]21 48 
I9 45121 92 
19 49] 21 56 
19 $4| 22 00 
19 '58| 22 C4 
20 02| 22 ' 08 
20 | 07| 22 12 
2 11] 22 15 
20- 15| 22 20 
20 20|22 - 23 
20 '24| 22 © 27 
20. '2$].22 ' Z1 
20 32| 22 34 
209 36| 22 3% 
20 igo|22 42| 
20 '44|22 46 
20 | 5o| 223 52 
20 '52|22 53 
20 5$6|22. 57 
21 01123 Ol 
21 o5} 23 04 
21 0o9| 23 08, 
21 -33-} 25 V1 
21 171] 23 15 
21 21| 23: 19 
20 254 23+ 3 
21 29 23 27 
If Leap-year, 
Nha 14h 


_ 


| March. |... April, | May. | June. 
© Righ]© Righ}© -.igh © Right} 
Aſcenſion] Afeenſi m] Aſcerfior.} Afcontiom, 
ha.” * m. | by. m. 1 by, m. | bs». m 
23 27 þo1 - 2003 13 05 19g 
23. 3ifor ' 24þoz 17] 05 23 
23 35] 01 258h}03 21] 05 - 27 
23 354. or 32} 03-- 25105 31 
23 : 42] 01 35] 03 29] 05 +36 
23 45] 01 . 39] 03. 33] 95 40 
23 -$$9] 01 44| 03 + 371.95 44 
23 % ot 46103 . 41} 05 48 
23 ot $gof oz 45] 05 52 
o0 ; 00] 01 53] 03 49 05 :56 
o0 O4]'ot $7] 03 $3} 05 OO 
00 : 07] 02 | 015/03 57] 06 04 
oo : 11] 02 | o5| 04 01 06... 08 
09 14] 02 o91 ©4 OS} O6 12 
o0 - 18] 02 12 04 og 05. 16 
oo 22|02 161] 04 13106 21 
[ 00 25] 02 ' :204 04 17 06 25 
OO 29} 02 - 24] 04 21 06 29 
00 | 32]o2 28þ04 25] 06 © 33 
00 . 36| 02, - 31] 04: (294 06+ 37 
oO 4O| 62 35 C4 . 33] 06 '41 
00 43þh02 39þ 04 37 06 46 
| 00. 47| 02 ,43] 04 4r}] 0&6 50 
00 5L| 02+ 460 04. 45] 06 54 
00 54} 02 5of 04 494] 06 58 
00 58| 02. 54F 04 53] 07 02! 
01. 02] 02 58h 04' 574 07 06 
or ' O©5] 03 o2}] 05 % 07 10 
or og} oz os 05 o51 07 14 
on 13\ 03 og} 05 10] 07 18 


CIs TY 


b "- a - p - 
. » <a e \ 5 
| ow” @ - 3: ” 2 —— W_- 
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I4 7, "ble of the Suns Right Alc fon. convertes pA 
which may ſerve for all the years of Declination ( for py | 


nary uſes; ) 


Fuly, Auguſt, September, Ofiober. | N. —_— Drs. 
© Rign|© Right] © Right] © Righ| © =, © . Right Right 
Aſcenſion] Aſcenſion. |Aſcenlion.| Aſceufion.| Alcenhion- '|Aſcenſbn, 
hos - m. nm. [bo. © ha. ms. [bo. 
O07 23 25 [I is 13 07 [15 
O7 od 29 [II 23]13 I1 jF15 
O07 31 33. [17 26 |13 14}15 
07 37 [11 30 13 i5 
07 4r [It : 33 þ13 '5 
45 jt 37 [3 5 
It 4013 15 
it 44]13 |S) 
it 48 |13 15 
II SI 113 15 
1 55113 5 
it $9'[13- 48 j15 
12. O02 | I5 
12 O5 6 
3... | rs 
I2 4. 1.16 
12 1.16 
12 5 i6 ; 
12 [16 
12 116 
3-201 16 
$ +: 116 
12 16 
j12 | 16 
12 I6 


—— 


| *Sarqq] 


AF Th HE-MHCTYIE a law wv... 


I2 | 

12 | 16 
12 114 17 
Ls {14 - 33.117 
13 17 


+ ZJE Fs 
\S Go own 4. 


Wy 
© 


4 
tb 


This Table may ſerve for all. the-years/ of Declination- for to+find + 
the time of a Stars coming upon the Meridian to obſerve for Latitude 
or for ſeveral other things 5 but in things that required more-exact- 
neſs, 1 wiſh every man to work it as 1 have ſhewed in two or three 
Examples, where it's found to the ſecond of a Minate of Time, and 
mult be ſo for things of that nature that I ſhew it, for there indeed 
exacnels is belt in every thing 3 but here_one years Tight Aſcention 

. will ſerye tor all and be exac,cnough.' | > 


To know the time of any Stars coming «pon the Meridian 


Have made Tables of the Longitzde, Latizude, Dectinaripn and right 
Aſeention of ſome EIS ON 2s ACETATE TSOIIY 

Now it Yeu en know the time of any of thoſe Stars comirg 
upon the Meridian for avy day 3. fublirat the right ' Aſcention of the. 
Sun for that day from the right Aſcention of the *, and the remainder 
is the hour from Noon ( Rated) that the Star will be-upon the Meri- 
dian. | 

But if the right Aſcention of the Sun be greater than the right Aſcen- 
tioz of the Star, then add 24 hours to the right Aſcention of the Star, 
and ſubſtraRt the right Aſcention of the Sun from that ſum, and-it 
gives the hours after Noon that the Star will be upon the. Meridi- 


an. 4 


As for \Example * 


Admit the firfi day. of Maythe Swns right Aſcention be 3 bo. 13', and 
the right Aſcention ot the Lions Tail be 11- bo. 32/3 1 ſubſtrat the 
right Aſcention of the Swn from 11 bo. 32” ( the right Aſcention of the 
Star ) and-the remainder is 08 bo, 19 3 fo I conclude that. it will be 
ſo long after 12 of the Clock at Noon before that, Star be upon the: 


Meridian. | 


But imagine. in this ſecond Epample :: 


That upon the fixſi of December I would know what time the firſt 
in Orions Girdle comes to.the Meridian : 1look in the Tables. and find 
that $zavs right Aſcention is 7 8. deg, 46', or ; Ip 15'2l look for the 


right Aſcenſion, of the, $zn for that day, and.find that to be 17 bou/14/; 
and becauſe I Sho Kor kl Sunk right "LT, F n . the 


» 


* Applied to Aftronomy. © 2159 = 


"320 Oblique Spberical Triangles, &&c.  . © 


* Stars, 1 add 24 hours to the Stars.right Aſcenfion 05 ho, 15', 
| ; $- -4 


. And it makes : --:+5, hr OBls ay 
Now (ubliract the Sxnz right 4ſcention from it - 17 bo. 14 
And the remainder is.the hour from Noon < takes -1 | 
of the Stars coming to the Meridian C we", " 


That is at one minute paſt Twelve of the clock at night. ts 


When you would be very exa& indeed for the time of a Stars com- 
779 ing to the Meridian , you may confider the Sxas difference of right 
Aſcenſion between one day and: another is commonly four Minutes of 
time 3 fo that for every fix hours later. that the Srar comes upan the 
Meridian than the Sn doth you may reckon, one minute of time, * 
Note. The Stars alter their time about one hour in Fiftcen days © 
(ſooner) for their coming upon the Meridian, by which you may know_ 
their Scaſons at any time, when found for ſome one time. Thus much © 
tor Aſtronomy in this-place. 


abs —_— 


CHAP. XXXTIV. 
Problems of Sailing by the Arch of a great Circle. 


L1 places in the world that lie Notth and Scitth'6ne from the 
A other, their "diſtance on their bearing ( either in Leagues or- 
Miles } is their neareſt diſtance one from the other. © 
Alſo all places that be under the EquinoQial , their diftance Eaft 
and Weſt is their neareſt diftance. "08 00 
| And the reaſon is, becauſe the EquinoGial is a great Circlt&of" the _ 
: Sphere 3 and- ſo are all Meridians or North | and- South Lines 3 but 
ſerve not any Eaſt- or Welt Þines\ (except'the Equinodial ) but as 
any Parallel or Eaſt and Well Line is neaxer the Poles, ſo them Circles 
are lefſer than. a great Circle, fo chat if* ina "Parallet of any Latitude 
known there be two places im that /Parallel 'diffant any niimber bf 
miles ett <4 ee i ener dey Ser y + 
rpc Eaft of Weſt,” bot pop that Arch' of 'a" great” Circle'that leades 
ker EY this 5rfibg; 0 $44 0 0U7 1VOUHLD £ 1146996 ifs / 


" 
. 

% = 

: (T d % 


; 5 £4 | 
As imaginein 'the Latitude of '50/deg=0' there be.two places diftant 
in theix Parallet18o deg. or Ee ke ( for in Miles a Semigircly, 


in that Parallel is no mote :") I defire "to know the neareſt diftanc 
+ between them. 14 1 hm | Xo 


If you look on the Globe for that Parallel, and imagine two. pla- 
ces (o ſcituated, you will figd thatia Meridian-ligne T whiek..is in this 
caſe the great . Circle. leading between theſe places ) will lead. you a 
far nearcr way between them than..to.go upon a Parallel or Eaft'an( 
Weſt Line. - 1 know in: this-cafe the arch: of a great Circle cannot b 
uſed, becauſe it goeth under the'Pole where no. man can go 3-) But 
make this ah Example for the informing the L-arner how it comes-to - 
paſs, that the direct courſe of bearing that leades from one- | 
another is not the ncareſt way, but: upon the:Arch ofa great;Cii 
that leads between them. We come now to the ſeveral Caſes, and to 
the refolying, of ſeveral Queſtions deduced from thoſe Caſes. ._ - 


a CASE ir. *% 

The Latitude of two places being given, and the difference of 

Longitude Fultoas top to find the neareft URL between 
them ; and the 'direft Pofition of the firſt place to the ſecond, 

| and of the ſecond place tothe fir... EIS = 


Queſt, 1, fo be a place in . North . Latitude 40 degs 00'y anc- 
ther in the Latitttde of 50 deg. 00' North Latitude ( but 20:the Eaft- 

ward) and let the difference of Longitude between them be 23 deg, 30', 
I demand vheir neareſt 4iftance in vhe Arch of a great Circle, the -diret 
_ of the firſt place from the ſecolſM, and of the ſecond place from 
the firſt.-1/+ 71) © 21s WG 1 wad & 


y | the? 3 "'g 
In the Triangle A BD* , HUELICTES TALSSIZID 3 01, THEN 
Let A Bbe the Complement of 40 deg. o00' namely 50 deg. 00! 


Let BD be the Complement of 59Q.deg. oo-natrely 40 deg. oo! 


Letthe Aagle ue B be 23 deg 30' the difference of Longithds_ be- 
tween them, *G, then 46th B” repreſent the North-Pole ) .andwA, Nan, 
Arch of a great Circle that leads between them 3. A is the Angle of 
| My Te | dire&t 
(E553 wo X 


*, ® 


the Perpendicular DI, we have (lu 
[1 he Triangle B 1 D, right angled a) 1 
$3D 40 deg, 00'Y"" We” | 
| 2  20'>s. co B4- Roadimis =to tr. 1 F 
nn I form 1044 


D B 2. co. ' 40 deg. '00' 6. ar, 9.92391 : - 


Blre. _ - 37 deg 35  $:88620 . 


Which ſubliratted from BA $0 def» 00/ 
Leaves 1 A | 12 deg. 25 


As 7. co. BI 37 deg. 37 car. 0.101213” * 
So is 4.co. BD 4oueg. oc ; ' 9.884254 


Tos.co.D A: 18dg i _ g9:975108 | 
4 * op " 0 | | 
Thus you {ce the di between theſe two places in the Arch of a © 

grcat Circle, is but 18 deg. 11'; which converted into leagues, at 20 
leagues to a degree, is 363 leagues 2 miles, or 1091 miles. , 
Next, to find-the Angle at D. . | 

Tis certain, the Angle at D is above go degrees, and therefore we 
ſhall find his Complement to” 180 degrees, thus , by the firſt Cale of , 


As 


” .” 
"= #4 
ge 
6 4 K Fs + 
—— % 
3 - ». 
© 47> 4, 


d. 
As 7.BA 19 
To ;. B 23 
S$ 7.BA 50 


To y. D 78 


.W. *© 
. 180. os 
"78 12 12 


9070 The rema.is ADB Ion or 48 


This 78 deg. 12' is is! v6 ag Ef refun 


Ship from the 


Welt 11 degs 48 Yn, abt is Wo Well b 


d. m. 
AAD rv 15 11 
ToB &s. 23 30 
HBD x. 40 00 


' ToA 67 O09 


Laſtly, for the Angle at A. 
0.50576 
9.6006 
9.80806 
996451 J 


The like iis bond few ac ras 


my firſt 
but you muſt not 


"”s = 

"708 «a ieh : 

Er Re” . 
= 
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CASE 2. 


be wo places being in one"Latitude, or Parallel, and their neareſt 
diſtance being alſo given ;, 0 find the SCE Ls 
between them, and the dirett hb---40 x the one place yp the: 
other. a 

Queſt. 2. Adwit there be 1190 lads is the Latituds of 156 : 
tant inthe Arch of. a. great Cincle ( which is: their d 
1590 milts ; I demand the difference of Longitude ho them, = | 


the Angles of dire# Poſition from from the ph place to the ſecond, or from 
ſecond place to the firſt :/ alſo the Northermaſt Latitude you will yore as. 
to folow.the Arch of a great Circle. - 


In the Triang\c ABD, imagine Btobe the North Pole.. 7 477 
on : | D , + & 0. þ 


:- 
Þ| 
T 


Et D Brepreſent the Complement of the Eaſter-T- 
| erin laces; Latitude 


moſt p 
Let AB be the Complement of the Weſtermolt pla-F 
ces, Latitude | 
Let AD be the nearcft diſtance of thoſe places in = 
Arch of a great Circle 1800 miles, or | 30 


. And let jt be zequized to find the Apglc at A or D, dir dg Po: 


- 4 AO es, 
_ "a. Ly fo 
= 5 


Great Cirele Stiling. 325 
ſition 3 and the Angle at B © the difference of Longitude between . .Y 
them alſo BI, the Complement of the'Northermoſt Latitude in that® OT” 
Arch. _ 
The aloe; I make the neageld diftance of the places to be 30 
oo! is, for that in a great Circle of the-Earth 60 miles is a degree, con= _ 


cluded upon by all ingenious men that have” endeavoured” to 'find the. 
quantity Of a degree upon the Earth, 


For the reſolving, this Queſtion, Let fl we Perpendicular IB, ny 
it divides the Triangle A'B D into two right angled Triangles,namely 
BID, and BIA} and in each of theſe the combonden things arc 
equal, becauſe BD and B Aarecqual : ſo that ifewetind the: Angle at _ 
Din the Triangle BI D, it's = to the Angle'at A; and if you find & 
the Angle 1 B D,. it's half the differcnce- of Longide ABD, or= ta » a | 
ABLE | 


Foſt, for the dagfe at D. 


jo b »40 deg. o0' 
Data: 4 DO Fthe half of DA © 15 deg. 00* % co. D Moy a tO-. 
equired D, the Angle of Poſition): fo C0, to 


d. me 
DB-#. co... 40: 00,;-/ 10,0761S, 
DI *. 15 ©0 9:42805.. 
.D. S$+ £0, j 1 BE. * Fo _ $:50423_ 


Thus then the firſt Courſe,the Faftermof Ship ſhould fteer to' come - 
the nearef way to.the Weſtermoſt' Port, is North 71 deg. 23" Weſter- 
ly ; that is, Weſt and by North 7 deg. 22' Northerly. | 

And becauſe the. p HIDES in one Parallel, therefore the Weffer- 
molt Ship muſt ſteer þ- 54 Northerly, at'her firſt 
ſetting from the Weſtermolt Por, to neateſt way to the Eatter- 
moſt, But, as-I have Intimat , theſe Courſes: will-alter to- 


keep to a Circle 'nd hxefoe care malt e taken acendingy, ax 
| ſhall ſhew berendier. 


"Next, for the difference of Longitude 3 the half of which is IBD. . 


DB A % 
Data, gDI 5. ID + Roadie, is =to 5. DB +7. DBI. 
& DBI3; | Da 
7. D: 


And-this D BI being doubled, is the difference of 
Longitude required of BA 47 deg: 2-3 
47 bn, 20 zo 


LR for B\, te Conplenen of the Nertherneſt Latitude 


® ſ DB 40 d. 00 + | 
Data. 4DI1 154. 00's. DB Radins,is =to 5.co. 1D 7B 4 
REI + 


f 


d. mn $* 
#. co," D1 Iy' 00. ca 0.01508 
s.co DB 40 '00 - 9.88425 


' $ 6. Bl a + | 9.89930 


This 37 deg. 31' is the Complement of the Northermoſt Latitude 
the Arch will carry you to. 


And thus you ſee to follow the Arch of a great Girdle, you tral 
' ſhape your Courſe (o, that when youre half w ( in this caſe) Sy 
muſt-be in the Latitude of 37 deg 31'; ATke ye 
this nature, at your firſt out, to NIE 
that you-fail, a Tableof dire = 


% 
-% 


ko gray. gary nedaer AT 
&S. 50, un whexe 
cvae. Allo lerdown d EE 
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| CASE3% ; 

Two places Being i one Parallel or Latitude, and their neare 

diſtance in- the Archof a great Circle given ; ras 
direft Pofition for every 4 deg, 30.min. © of diſtance, ſayling 
in that Arch, and the Latitudes that this Arch paſſeth 


(Qeſt. 3. Admit there be two places inthe Latitude of 50deg. 00' North 


Latitude, and their diftance in the Arch Circle be 1800 miles; 
no nd doch Ee Ca a 
for every 4 de30' of diftance ſaiked init. 
. 
* a 5 
. GC #4.535 > 


3 


A =" D * 


Et fall the Perpendicular BI, which divides the Triangle into two 

right angl Francs what Rides and AngleFare 'cquat one to 
the other, each to his correſpondent. Now if we begin in the Tri- 
angle B-D1, counting the Arch of a great Circle that leades between 
theſe plages A D, to be divided from D, . by the Meridians B 1, B2, 
B3, B4, B5,B6, into equal parts, at 4. deg- 30' to a part, according 
to the Queſtion, Here theb, | pert 


ff 


3 75 
« > Soon ; - 
- S 5 


; "I » 
$1.50 


Firſt, to An BI the thn px $M _{ - 
{ D half the neareſt diſtance.'x\ 4 oo 7 co. BD Rad. i is 
Data. 


- ga$ 


D B che Comp, of the LILY 00'> == £0 4. 
Required 1B % Ge Eve Thr 


: 'd. m. . # v Y "ey | ii? 
3: +. D1-:. 154.00 1 cotark bY - Hengig F 
: $.c06, BD 40 oo 9.388425 


BY 37 gt 0G EG Bbgaef 


dead this ſabſtrated from 90 deg. is the Northermoſt bars, that * 
the Arch of a great Circ will carryYyou to, namely-52 os 297 


Things being brought in this order, go to work,. ang,ſce for 
of theſe divifions _ deg. 3o' in.this Arch, what als we ſhah © 
be in, and what Courſe we ſhould Tepe: 00 to keep'to the, Archz alſo 
' what Longitude we {hall make at each diviſion: as we goalong JF, 
' ſet it down in a Tabulex way (' as hereafter), to ave. for hw 


Voyage, or many Voyages £0 that Place. \ 
And firſt, for the firſt Courſe at ſetting owt on D D. 


BD 4o#. oo 
Data. Þ I 154. oa D + Kadima is= to 0.0 DB-+ ;,DI 
Ronees D. 3, 


d. "mm , | | k 
t.co, DB +40 00. 6.076186 
t. Dh IS OO, 9.428052 


Þ 


®. , S—_—_— 


$.co, | D 71 23 - $504238 ® pA 7 


p 


Next, for the difference of Longitzde between the two places A BD. 


t.co. ID 15 oo 10.57194 


6% [ 
5 BI 37 31 9.78461 © R 
—mupumrnnennt - d 


f, C0, DBI 23 45 . 10.35655 9 »/ 
Whigh doubled, is ABD the difference of Longitude 47 deg; E- | 


—_ 


_ ES. + l 
- ” bo TX 
. . . 
# l 7 : 


Weſterly 3/that 


- » :ly,Weft —_ Cn nes the. Ta” 
| bk asyoy ſecthere, and be read w | 


(1 m/nng tr WW 37 Wetiagiat fo 


Thatthis 


* Lcome.to-l.....-_._ b 
Next, #0 xk what Soup I muſt fleer from 1, which is ' +deg. 30 in v my 
Ways ——— — 
| 7H 10de OTE. mb rt | | 
Data. be a dt Kalb 6 1B+ +a Bil. 
. Required De. PTR T net Moc BH e- 
"x | ? 
Be | *- $F 130 . £0. are. Of 4, &0, 19.11475 
"Ia i 5 t6 Eo NE OS | 9.26063 
. . IV, C _ s 4 ( cv © w 
Bile. 7630 Ei WE. 4s. ==" "Wl | 


The ſecond Courſe -is North-76 deg. 39' Watts that you muſt 
ſteer 3 which is Weſt North Wetz 9 deg. 9' Weſterly: 


For the Latitude I am in at t. 

| aA  m. bo 
(BI © 374. 31'3 5. co: BI' STORE > 0 9:89936 
Data. al 1 104. 30d co. I 1 IO 30 9.99266 
Required B 1 7.c0.B I its co. 51 '15 9.89202 

For the Longitude Ihave made at I. 
5 d. m. b 

BI' 374 31ys. IB 37 31 © 9.78461 
Pal 104. 50/$1. 1 10-30 10.73203 
| Required 1 Br. t.co.lB1 ..16.:.56 10.41664 


Here J conſider, that; when-I ſet out, I found che Angle at 1B, ly 
BD, to be 23 deg 45', and\now.l/ $og.che FOE but . 
16 deg. 56' ;, which being ſublirated from , leaves 1 D the 
PE. of Longitude I have madefſince 1 A. =o 1D, le 6 deg. 49' 3 
on ſo I ſet down in the Table the ſecond line, which will be read 
thus ; 


Vy When 


* 


230 3, ' Grtat;Citele Sailing. . 


' When T'haye fed GE Canons 


Weſterly, and _ be rv the Lazicude of 51 deg 15'; and 
axe Welt Longitude from! the place Lſct 6 deg. 49's jr innit oh 


—— — _ 


| Difancein. .,COUR SE._. + -| Latitude. 
CY RR LIT REES Fo 
; © ,00 | WV. + 3\,57 .Ycuenly || 30... 00 1,9, My 
4 30 WNW 9 o9 'Weſterly | 51,15 os! 49 
9 oo |W 7 45 Northerly| 52 04 | 13. 57] 
13 3o |W 1.53 Northerly| 52 28 | 21 17 
is oo. |W 4 33 Southerly 52 21 | 29 g29 
22.30 .|W 9 or Southerly'| 5x3 56 | 35, , 09 
» 27.00, |WSW 6 45 Weltaly | 51 001.42 43 
|" 30.00. WSW 3 57 Wetey, | 50 [47.30 
Next, for the Conrſe at 2. © 
| hm. 
| ſubſtraQ from | D | \ TY 00 
D 2 i WW '% "ISP | O09 OO 
The remainder is 21 06, 00 


(42 T 2 06 d. oo! - 
Data. $is 37 d. 31 Kt Rate nIB a co. 12R. 


Required . 2 BJ Si 6 

"af M. 
IB v.&@ '::37-:31 {| -\; +» | FOII475 
I2 5. 06,00 | 9.01923. 
I 2 Br.co. Ga” aq - © 9.13398 


. Thus the next"Courſe from 2; muſt be North Korya. 15% weſterly 
that is, Weſt'7/deg. 45' Northerly.. 4 


"ie 


C4 


| ſth mn 


3 _ 4603 SOUL c ioroAK yort Dirk I857 929 
| - Fer the Latitne 2. | 
d. m. ; | 
| TI2 064, oo Pty ET pak 37 3 «© 9.89936 
Data. ji 37 d. _ O06 oO 9.99761 
| Required 2B 97, & Buy 137 15G 989697 
The Complement of 2 B (here found ) Sh Eatthle yon h02 
* 2, namely 52 deg. 4'. 
£ Pimp. 
< m. 
12 064 dolyte 14” 08 05 0.97837 
pi 37 4. $i 1B 37. 31 9.78461, 
Required. ] B 2, t.co, IB2 og 53 Ne: 10.76298 
This being ſubfiraGed from IBD .1,../ ., 11 .1.129 fit: 45) 3 
| £m hg 9 deg. 4 ; 
Leaves the differdnce of Longitude Fhivertade 2'B D | 13 deg. 57' 
B. 14-15 = if 
y: $i . 
bl o G - . P = - 
bk - 5 1 5 "how | | OE: 


Thus then, when I am at 2 in the CN: muſt 
-fhape my Courſe Weſt 7 deg; 45 Nertherdy: inp, Lhe 
LA 


* 


332, , rea Circh Sailing. 
be in the Latitude of 52 Jeg+ 4', and my difference of Longitude that 
I ſhould make, would be 13 deg. 57' G ; 


Next, for my Contſe at 3+ Tx 
ace 2a te | hh | a." © SIS ant 
T:24gd 1.4, 3o&t fl Bot cot it 37.51 i » 11/0 20A3475 
Data. Js 37 4. Me $i OI -30 8.41791 
Required 13B I13Br/&, 88 03 718.53266 


Thus the next courſe from 3 would be Weſt 1 deg. 53' N F " 


To find tht Latithdst am i at 3. K 
FA m.Ys.coBI 37 deg. 31. 9.89936 


; Oy . WS [- 
. required B 3 1.co-B3 37 deg. 32" 9.89921 * 


Ow The Latitude you ſhould bein at 3'is '52 deg; 28'; 5 


To find the Longitnde the Circle paſſeth at 3» 3; «biel 
| d. m.Yt.col 3 I deg. 30 I1:581932 
l 3 x 30(s%.IB _ 37 deg. 31 9.784610 * 
ve ES --_ | ——— 
Required I B 3 )t.co.l BJ » 2 deg. 28/ 1.366543 
From IB D / = EF AS © 23 deg. 45 
Subſtrat I B 3 here foand 02 deg. 28' 
. The remainder is the Longit. I have made at 3 21 deg. 17' 


If the courſe between 3 and 4/had beenidue Weſt, it had been rather 
better, becauſe the conrle foy the firſt ve\degrets from D holding to 
A, as it doth at D, whereas there is alt ration,though net conſid 
and fo likewiſe between 3 and 4; for from I to 4 is to the South- 
wards of- the Weſt, and from | to 3 to the Southwards' of the Eaſt ; 
but theſe nicities can breed no errour, but that you will follow the Arch 
of a great Cirgle-neat enough, becauſe you -calculate-the Latitude at 
each place. CT bw | 


4 


- 


Great Circle Sailin 


Wo Next then for our Courſe from 4. - 
I conider from Ito 4 it is . 3 deg. 30" 


And BI is givenas before - 37 deg... 31 
And B 4 I is required. Sh | 


IBt.co 37 deg. 31 1011459 
| ' oi: 16i4 4 03 deg.:30'.. © 8.785671". ©60 
| B4lt.co 85 du. 27 _ | nm | 


And this courſe is from 4, South Wehery 3 deg. 27', that is Welt 
 4.deg- 33" Southetly. | 


< 
Next for the Latitwke ; at 4. 
d. m.Ys.co.BI - 37 Noe ENE 9.89936 


a I'4 3 30o(ncl4 03 deg. 30' _ 9-99918 
Required 4 B 1.co.B 4 37 deg. 39 9.89854 


The Latitude you ſhould bein at'4 &, 52 tegs 21.5. || 


For the Longitude 1 B 4. © 
| d. m. 57”. 
'I 4 3 30)t. cools 3 30 1.21351 
WE 37 3r$s I'B  .137\_31 9.78461 
Required I B 4 ft. co IB4 o5 44 Tres 
Which being added to IBD 23 23 deg. 45, 45 _ 
." Gives the difference of Longitude at 4, 29" dege 2g? _y 3 
| 26471 Next for our Courſe #45; Hark £ OJ % 
The difance foocn 1 to 5, is given\ to be 4 deg; 30 more than' 
a d. m. 
I 4 was So ang | 7 oo 


 IBis ' | & 4 2-37 : 31 > 
15 B bogded— 


Great Circl: Sailing. 5 
- * 


I Bt. co. 37 3t 10.t1475 
I57. 07 oo 9.08589 
I5 Br.co. 8 59. 9.20064 


The Courle i from 5 South $0 deg. 59' Weſterly; that is Wet | 
9 deg. 1' Southerly, 


For the Lotiende we ore in # 5. 


| MES | 2D 
ls 74d. oo'ys.co. BI 37 3t 9.89936 
Da B 374. 31 [obs I4 | , 07., 00 9499675 
Required B5, s.co B5 38 04 = 


The Comp. of B 5 here found; is the Latit. at 5, namely 51 deg, gn". 
For the Longitude at 5. 5 


d, m. 
I5'. 74. oo'yl5. t..' 07 00 10.9108; 
Data & B 374. 37018 [i 37 31 9.78461 
Requircd I By. )1B5 two. 11. 24 "0.69546 


This II deg. 24' added"to 1 BD makes 5 BD 35 degs 09. 


 ® 
/ 


224509 | New fro Cute 9 6 " BY 
LOC 4 -Y [ 
c716., 124. 30 1 co. 1B |: 33,30 . 1011475 
Data.- IB. 374. 3rd. s. 16 12 30 | 22393 
CRequired B61 tbh 6: B 74" T5 in YieE 297 31 45 


The Courſe is from 6 Squth.74 deg; 15' Weſterly 3 that is, ke OR 
South Welt 6 deg, 45; Weſierly. 


»ugT | 


* » For the Latitade we are in at 6. 
4 hee 


| I6 *a1 2: 30 5. co.Bl 37 31 i 81 9.89936 
half 37 d. 31 (on I 6 IT. 30 5. Ln 2999 
-1.. 'Y, equired B 6. 5. c6. B-6 S1 oo iro ef 


' ap? *L 


p : - > "*- v4 - l 
= * - Great Cirele Sailing. ww. 


The Side founF hers, is 29g EEO is the Laticude 
51 deg. ©O' at 6; 


Lafily, for Py at 6, 
mM. 
(16 118.30 T 6 #. co.” >- 30 10,69153 
Das Ji 37 d. 31018. 37 31 9:7846 1 
CRequired IB6, Jy B6#.coÞ 18 28 70.47614 
This 18 deg. 28' added to "23 deg« 45' 
Gives PB 6: | 42 deg. 13/ 
you may hedols le chat will beads 
2. "Tee Tae yuan 
IA 154..00'YIA to. ” po IO, 57194. 
Das B 376d. 2relB te 37 31 9.78461 
Rs SY | "ABI co. 23 45 ... 19.35655 - 
p 6 Jin A. Y 4. . m. 
The L Gt Gom.LGili hs Þ 23 45 
Which added to the Longitade made, my, 23-45 
Arch from D-toh, cqual to it .. oy | 
Makes thy difference of Longitude DB A ; WR: 47 © 3O.. 


and GI Sedo As rao plc 
or 3o degrees in'that' A a that the two 
D and Afbe in ons Pardlicl3" the <ifferene of | 
them is 47 deg-30/. Now this difference of Longit FE ets | 
run up in the Parallel of 50 degrees, would have made the Run lopger - 
than. to-fallowithe Arch of a great Cirele, by 32 miles which, | 
it be not much in this caſe, yet it ſerves to ſhew that the Arch 

eat Clock is the nicell wand. C wick an Wa de he a Ig 
the nature of. it, will not believe.;.) pm onp— rc 
great difference, as hereafter we ſhall ſhew. gd; 361 


. _ 
+1 S/1-WL, Ps 


ond 


235 . 


1.335 Great Cinde'S, 
CYSTS FED, 


(OA SE We Linde gs fl bein me: _ oft 
* 4, 2: © WH 1p; 


7w1B 374. 31'ys.coBI 37. 31 SE 
Wy I5 &." a Fon 1 *x5 00 9.98494 © 
Required BA., I;,o.BA 40 00 I 


Whiole Complement to pode. is Goh ado the gh 1 


mls wh {1 


ould be in at 4. 


And his for any Voyage you ray calewate'your Coiirſe as well to 
every ſingle degree, 2 degrees, ar for every tive degrees that you ſail jn 
the Arch of a great Circle, ( which is near — and allo ſee 

nd what Latitudes and Longitudes the Arch will at your A ona 


ting "wing te hger i il ings | 
I am willing to be the larger'in' theſe: afe 
conſequence 3 and wes have all men ay of il, 1 


they can. 


CASE 4. 2 by: SN 

Two places bet zd, the one in the Latitude of 1 
I2 min. Tek 07 the other in the Latitude 7 36 
FS min. and the whe. diſtance in a'great Circle 
| bring alſo known; to find nn an; of Lo 
dire Tons of the op from% and 


from the fi (4 firſt. \ GT] 3þt Mig ge Ir 5; 5 . eQxaMM 


Bs 57 deg, oB', PATIL SEELSES 
BE. ® aud. the 
; Ti fr gs þ Float « oſs fr Lei 
L RA 91153 3& KK ; 2 wo 
SoSmp eproferits March Bile Waking [4 2: 20S 
B:Abe/the Complement of the Latitude of Barbados, , 1.76 3 
BD the Complement of the Latitude of the Lizard, E iy 
| AD the neareſt diſtance. of thery, . 08 


And let it be required to find the Angle B, which is the dllrnc of 
Longltade, 


- 


4 


The fide AB is 


The fide BD is * 
The difference is 
The half difference 
The half of AD is 
Sum | 
Ford d. m. 
TH 40 O00 © 00,41, 0.191 
« as F - = £0. ar, dey 
k 53 $638 
5 Remainder 10 16 — 
F:. 19.3142 
s. half ABD 27 deg. oof 6571 
wha 1 9.65710 
Which Doubled, is 54 deg- 0o' the difference of Longitude. 


Thus then the diffexence of Longitude between the Lizard and the 


54 deg. 00' 


* Next, for the Angle of Poſition at the Lizard, D. 


C0. dre 


Iſland of Barbados, is (at this zate) .. 
d, m. 
As 5, DA 57 ©8 
Is to 6. B 54 ©O 
S0 is 5. BA 76 48 


Tos. D (its cv. to 180 deg.) 69. . 40 


0.07575 
9:90795 
| 9.98837 


9.97207 


Thus then the Angle of diretPolition from the Lizard, is 69 deg. 
40' to the Weltwards of the South ; that is, Weſt South Welt 


2 deg. 10' Weſterly. 


* 


X x 


% 


Lofty, 


$90: -- --- Great Circle Sailing. 


Laftly, for the Angle of Poſition from Barbados, A." 
d, m 
As . DA 57 08 . oa. 0.07575 
tos. B _ _ $4 . 00 9.90795 
Soiss, DB - 40 ©o 9. 80806 
To & A 38 15 ; : 979176 


It is evident then, the firſt Gourſe you ſteer from Barbados, is North 
38 eg. Eafterly 3 that is, North Eaſt by North 4 deg. 30! Eaſt 
crly. : 


CASE 5. | 
The Latitades of two places being given, and the difference 
Lage 3. ay! wa bs o known ; to find Tos an. þ 
eſt diſtance in the Arch of a great Circle, and the direft Pj 
tion of the firſt from t yr; and of the ſecond from the 
firſt ; and by what Latitudes aud Longitudes the Arch of a 
great Circle paſſeth. 


* Queſt. 5, Amit I ſet from the Lizard, which is North Latitude 56 deg, 
00” and be bound to Barbados, which is in North Latitxde 13 deg, 12' 
and if Barbados bath Weſt Longitude from the Lizard 54 deg. o0''; 1 
demand the neareſt diftance of theſe places, and the Angle of fired Poft- 
tion from the Lizard to Barbados, and from Barbados to the Lizard. 


d. m 
HE in the Triangle A BD, we have given BD, the 
| 23 Complement of the Latitude of the Lizard - 49 99 
B A the Complement of the Latitude of Barbados 76 48- 


And ABD the difference of Longitade between them _ 54-100 


Firſt then, for A D, the neareſt diftance between »hem.. 


Let fall the Perpendicular AT, and then we have given in the right 
angled Triangle ALB, 


AB 


: d, 
AB 76d. 48'yt.. BA. 76 
B* 544. co'Fo.co'B-. | . $4 
b: " 4. m. 
As $0. Bl 68 14 
Is tos,c0 DI . 28 14 
$0 is 5+ C0» BA 76 48_ 
To 7.o, DA 57 os”. 


Great Circle Sailing, 


”. 
48 
09 
I4 


C0, re 


339 . 
0.62976 
9.76921 


10.39 


9 


0.43082, 


99449 


9.35860 


9:73449 


This 57 deg. o8' converted into miles, at 60 miles to a d 
great Circle, gives for the number of miles between them 34 deg. 28". 


Secondly, for the Angle of diredl Poſition 
pong 6 Lizard D. 


d. ms | 
As. AD 57 OB co.ar. 0.07575 _ 
ls to 5. B 54 OO 9490795 
$05. BA 76 48. 9.98837 
Tos.D its co. 
co 2401809 = 9:91207 Fas 


"IT von 000025000508 


The Angle of dire Poſition of Barbados from the Lizard, is'then 
South. 69 deg. 40' Weſterly 3 that is; Welt Sonth Weſt: 2 deg. 10' 


Weſterly. 
Laftly, for the Angle at As 
| d. m. 
Ass. AD 57, OS_ . co,ar 
Istos.B ... 1.54:-00,,, ||| 
So is 5. BD 49 , QO.. ....; 
To s. A 38 15 1 


The Angle of Poſition from &arhader to the Lizard, is Not 38 [eh 


0.075755: 


% 


9490795 : /. 


9.80806, 
"979176 


15' Eafterly 3/ thar'ts, Notth\Eaft by North 7 deg.” 36** 


like for any other of this kind, 


* Xx 2 


.” 


m—_ 


We 


340 Great Cirele $ afiy. 


We Hive found the neat diftance between the Lizard and Bp 
badis, \n'the Arch of a greitCirthe, to be 57 Weg? 08%, or 3438 miles; 
and*alfo” the Angle of Poſition from the Lizird to Barber tobe 
69 deg. 40/3 and the Angle of Polition from Barbados to the Lizard 
to be 38 deg. 15'. But now, | | | 

Admit -1' would know-by what Latitude and ) this Arch 
of a great Circle doth paſs, that ſo I may fet my in order for 
theKecepivg a Reckoning from one of thefe' places tothe ovher, wid to 
follow this Arch as near as I can, . 

Fhaveſhewed in 2zeft. 3. how to find by what Latitudes ind Log- 
gitudes the Arch of a great Circle doth paſs 3 but that Queſtion was 
wrought in an Exiinple*Where the places were both +n &ne" Latitude, 
but in this caſe they be'tot' in ore Latiterde, whith "Aifſers 
from the former : and therefore I am willing to ſhew an 
it» Alſo, that was wrought for degrecs given upon the'Arch of #great 
Circle, this tocevery fifth degree of tnde between the 

Suppole then, that | would know by what Latitude this Arch of a 
|” pan paſſeth, to every fifth degree of Evtngitude, and the 
Courle. | | p 


In the Triangle A BD, px 8 
_ 
» Let D be the Latitude of the Lizard, whoſe Complement 
bf Latitude or diſtance from the North Pole, is D B a 
Let A be'Barbatdos, whoſe Comp. 'of Latitude is A'B 76 '48 
' The difference'bf Longitude'ABD is $4 ''& 
The Angle of dire& Poſition from the Lizard is BD A 1 
110 deg. 20', whoſe Complement to 180 deg. ” 69 40 
ADR, the Courſe from the South 


- 


For the doing this Queſtion, ( in thepreceding Figure ) let fall the 
Perpendicufar BI, which wilt fall* without the Triangle, 'becaiife the 
Arch of a great Circle dircRts it ſelf to the Northwards bf the'FaR, as 
you may fee by the Angle of Poſition but' now found': for Where the 
Perpendicular falls from the Pole, upon this Arch is the very Norther- 
moſt point ar Latitude that the Arch goes through, and mult therefore 
be the place where the Perpendicular falls; beeauſe there one]y:the 
Angles of Polition. ('to keep that Cirele:) would be Eaſt hd Welt. 


"1, 10k 
| Faſt, 


a . 0,7" 


Arch of a great Circle paſſ 
TBE is 3o deg. 49/. 


Great Cirele Sailing. 341 
Firſt then, to find the Perpendicular, which muſt be our firſt work 
We have given in the Trlangle BI D; right angled at I, 


d, mh 

BDI=to ADR 69 40 

D'B the Complement of the Latitude 49 ©O0 

And I B the Perpendicular is required, 
.d. mm 

s. BDI 69 40 997205. 
'+. BD 40 Oo 9.80806 
s IB 37 oO4 f \ 9.78001 


Thus the Perpendicular B I is found to be 37 deg. 04', which is the 
Complement+6f the Northermoſt Latitude z it reacheth 52 deg. 
56' from the. Pole to the great Circle, 


Next, we muſt find the Angle of Longitude that this NY makes 
without the Triangle A Bi _, namely Ln ke. c 


" 2) © oh. tf 


- -CEIDB 694. 40'F#:co. IDs 69 40 * ©. ari 0.4 I12 
Pac FD2 40d. oo' Er.co. DB 40 00 9.88425 
Required D BI. 2;;."DBI 25 49 10.31537 


"Theſe being found, let ” roceph to find, by what Lego this 
D.to.A, at every five d acl 
z and ſo the FCoutſe tn le « of Policign'at thoſe Jegrees 3 .. _ 


And firſt, farcthe Latitude 8c, 11 tbe Sig LBe. 
& th 


/ 


0.12183 


IB 379g. Ga fs c0. T3 " 37 O04 : 
Dag! Be 30d. 49 Cr. to. IBe '3Z0 49 9.93389 
Requized Be,» "2.co.Be 44 20 . : 10,05572 


-——This-41 deg. 20' is the Gomplement cthho Lan > 
Fe 20! the Bomrlepye ol hat Lai pation if An fs 
Weſt South Wett 2 deg. 10' VVelterly, fromD to e. "Fo 


Great Circle Sailing w. 


For the Courſe from e to f. 


= 8-00 | 
'CIB 374. 04'7}s. BI 37 O4 9.78015 
Data.) Be 414. 20'Cs. eB 41 20 0.18016 
Required Bel. —,, ge1 65 52 "9 -9602g 


For the Latitude at f. 


d. 
4 fine 37 04 on w_ 35 49 9:90bg6 
ata. 35 4. 49'5>t. co. 1 37 O04 '_ _ ©.F2193 
Required BF Yo. Bf 42 58 10,03079 


Thus from e to f we muſt ieer South 65 deg, 52 Weſterly, and at 
F we{hall be in che Latitade of 47 deg. 02. 


| For the Courſe from f tog, 
6 : d. mM. : {OC 
IB 374. 04/7s.: Bf 42 58 eo, ar, | 0.16665 
elk 42 d. iy s. IB 37 O4. 9.78013 


$-. mink She 


—_ 


les 2 12 3 2.94678 


* Ow Ori Saling - 36 


PTS 1.11; NN IEED 
IB 374 of Note, I adde at every Station the. Angle of. 
Da \1Bg 40 d. 6 Longitude 5 4. increaſing the Angle I BD 
Required B g, fo wuch at cach Letter. 
d. M, ' ; 
1.c0. TBg 40 ' 49 © 9,87898 
t.co- IB  .37 O04. 0.12183 
t.00.Bg 44 57 3 F0O-0008 1 
ans 4-4 we mult ſteer South 62 deg. 12' Weſterly 3 and at g 
we ſhall bein the Latitude of 45 deg. 03/. 
For the Courſe from g to b. 
d, m. | 
IB 374. 04 )s. Bg 44 57 0.15089 
Data. gBg 444. 57/S;.1B 37 O4 9.78013 
Required Ig B.Y,, Ig B-: 58 34 9493102 : 
For the Latitade at b® 
d. m. 
<IB 37d. 04'ys.co. IBb 45' 49 9.8432 
Das $1Bb 45 4. 49/$1.0 IB 37 Os - 10,1218 
1 £quired Bh.. )+.co. Bb 47 18 9.965&. 
For the Courſe, from b 10 k, 
. - a. 
IB 374. 04's. Bb '47 -18 coar 0.13376 
Dae 5 424, 47 IB 37 04 | 9.78013 
. equired IBþ, i. Ih6B 55.06 . 9-91385g- 


- 


344 
The Latitades the TATTITA | | —_ 
l The Courle at every five degrees of Longitude 
Nana hor renenrm era 

d. m|- "ZE one ng 

Ate 48 40 From Dtioe WSWE o2 10 Weſtaly, | 
Atf 47 -o02|Frometof S 65 52 Weſterly. 
Ato 4$ 03}From f to g Wis 62 12 | Welterly.þ 
Ath 42 42 Ranges J 58 34 Welty. 
Atk 39 55jFrombtokS > 55 o©65 Welterly. 
Atl 36 38|\FromktolS 51 - 48,  Weſiarly, 
Atm 32: 50|Fromlto mwS 49 34 Welterly, 
At n 28  29|Frommto « $ 45' 50 Weſterly, 
At o 23 3o\[\Fromn tos 9 43 17 Weſterly. 
At þ 17 53|Frometop S 41 05 Weſterly. 
|AtA 13 12|Frempto'AS 39 18 Weſterly. 

For the Latitude at þ 
. d. m. | 
(IB 374. oy 7.co. IBk 50 49 9.B005s 
Data. Is k 50 & my co. IB 37 4 r0.12183 
.CRequired Bk: I';.co. Bk $0 05 9.92241 
For the Courſe from kto'l. 
| , | d. m. 
<1B 37d. ofys. Bk JO O5 C0.4, - 0.11521 
Das. IB k 40 d, 05'S IB 37 04 _ 9478013 
CRequirtd IB. )',, Bk 51 48 9.89534 
E > For the Latitude at 1. 
jg. d. m. | 

IB 37 <4 04/3s.co. IBI 55 49 9.74961 

- Dus. $1B1 55 &. 49/$tve - Bo 8 0 0.12183 - 
,CRequired BJ. )}, co. Bl 53 22 9.87144 


For 


Great Circle Sailing. 345 
For the Courſe from | to m. | 


d. m. 3 
TBI 374. 04'ys. Bl $3 22 £0.4 OION1 
Ty 53 4. 22d, BI 37 O4 9.7801 
\ Required I/. I, 1; ' $9 34 —— 
For the Latitude at m. 
d. m. 
| L, yea 160. Bm 60 49. ares 
Data TB m 4 d, co. I B 37 4 0.142193 
Required Bm. )+.co. By 57 to "9$0g8g 
For the Courſe from m to. 
Ind d.' mt ; 
37 d. 04; i Bm $7 '10;. 66-87. ' 0.07559 
n—— 57 d. 10'Fs. Bl '" 37. 04. 112, BeJSOL3 
Required ImB. 's, ImB 45 509 9.85572 


For the Latitude at n. 
| dm. , 
TBI 374 o4yt-wo. IB 37 04 \ 0.12183 
Data, UB n 65 d. WF co. IBn 65 49 _ 9:61242 
CRequired By. I;,o, Ba G61 32 9473425 
For the Conrſe from n to 0 
| d. nm. 
BI 3794. o43s. IB 37 '04 9:780t3 
Das. 9B 61 &. 32'p7r. Bn 6r 32 0.05596 
Required In B.),, 1B 43 17 9.83609 


b *y " 


Great Circle Suiling." hs 
. Forithe Latitude. at 0s 


| d, me | 
(BI 374. 04)t.co IB 37. 04 '\ + | i 64218 
Data. q18. : 70 d. Fes IBo :70. = | 9.51667 
—_— Required Bo, Sf te&hs Bo \66. Ge 142 IF S 3348 
For the Courſe from. to'p. 
d. m, 


_ \. | 
+.2CBI 37d. ogJIB; «1; 37. 04; |. »-- 199801; 
BT 664. Wo % 4i.96, 23d. £06 &f+ ,,, 1 | 

7 tequired IoB. JJ oBo. x 41, 05.m!! b11inps BB2773 


For the Latitude at þ. 
| % oi d, m. 

TBI 374. 04%) too. IB 37 04 0.12183 
Dae Bp 75.4 69am IBp m5! (490 = IL ' 938921 
DON AY OM Bp 99 rn Pa 

Prs 4 Ty < © K 4," 8 [37 
For the Conrſe from þ to A. 
| are WY 


BI 374. 04/ <1: 72 O2 c0.8%, 0©.02171 
Da. JB; 72. od. 1 437, (%& & 5; 8013 
C4£16 Required B p 1, :Bp1'! 39 18. | ;» +» 9804 


For the Latitude at A. 
FA” 


CBI 37 d. 04')t.co BI 37 04 0.12183 
Data. $1Bp 79 d. Fs IBp 79 OW. -. 9424747 . 
.CRequired AB. Pt AB 76 '48 | 9.36930 


Thus you ſee when you come to p, you will be in the Latitude of 
t7 deg. 58'. Now I would with eyery man to haul into his Latitude, 


before he runs his Longitude up 3 and therefore, when you are at 0, 
| ”_ 


=. | Gon Gink-Selin) © 
s ta bias get Abo a6 = gitads Bt 


00, Jager heh at leaſt, for fear, yqur Jr .Qut. in 

oe ovgitude. And thus Rs ca agen, bn your Conrſe, and 

Latitndes by which the Arch of a great Cirde balfech, it ſerves for a we 
Voyage from the Lizard to that place 


You may calculate your Caurf; 5 ol lingle degree of Longitude, 
if you will z but this (I think) iS near noe 6 though the Courſe 
alters by little and little, yet not fo confi ly as tO require me to 
ſteer any otherwiſe than in this manner. 

To follow the Arch of a-great Circk, 1 believe.a man might come 
near the Weſtern lands; but'it's mon thing, and they are very 
bold _ and no danger about yang hat I be ſeen time c- 
nough, 


C> 


CASE asf 
Admit I would know ho ho bal ApS rep, fo87ee 
e 


Circle, to alter wy ps, 's; Com- 


paſs propoſed, and alſo what Yo oak of Longitude I _— 
* "pai, and what. Latitude IT ſhallobe ins: 
Þo Fe di iilu;ibozqt 2! 
Queſt 6. Admit I ſet from ihe Lizard, and be hound to the Iſland of, Bas- 
bados, and the firſt dire Comſe that f teh from the Lizard, be Weſt 
South Weſt 2 deg, 10' cc y, or South * deg. ®';7 demand bew 
far I ſhall ſail before I a Col/epA cg 00' to follow the Arch of 
4 = Circle. an 
| : 3 aie30 at 14) 
Have ſaid, that to ome Aichi df Circle, the Courſe Al- 
ters by degrees, and hd at once £1 ſo,t t thoagh at'the'firſt (et- 
ting out at D, 1 ſicer Weſt South Welt 2 deg. 10' Weſterly, yet the 
Courſaamuſhalter gradually. 'Now the Queſtion | is, haw many miles 
I ſhatfail, te alter my Courſe 5 deg. oo. 2d 2 7 A. og SF 
Imagine-we muſt come to: Ri front DY, 'before we-alter oue Courſe 
5 rk then the diſtance D R, is the thing here required. _ 


Mc, for t PING it, : bevel in pa right an bi ring 0, 
Serif hot ” Hells 


—_ Beg he 


343 | Great Circle Sailing. 
ek tld unmet erm ade | 
$37 

then find I B with the ſame things found it in 
Example tobe 25 deg. 49") CM Gr 


A 

. Ae WR open el mehave give, | 
BRI 4 je | 67 

40 ROS 9.07523 

The Perpendicular 1 B 37 04 f, 9.87816 

Tofind RI 20 57 ey” '- 9.95339 

@ ---> | | ry 
d. mh 
CBI 374. 04'yr. BI 37 ©4 9.8781 
Pas $1DB 69 d. 40'Ft.co. I DB G69 40 9.5688 


CRequired DI. I,, DJ 16 15 | : 9.4469 


=_—_ 
VVe found R I to be 
From 'which ſubftrat D I now found, 


The remainder is D R required 


- .. Thus you ſee- theo we: muſt fail, 4 - 4a” 
Circle, Hare you wed deer yourſts '5d 


Great Cirele Sailing. 349 
every degree the Arch of a great Circle, is 60 miles : {o that this 
=> nb 2 miles, | 


Now, fir the Latitude as BR. S 


If you ask how the Angle B R 1 was given in this and the laſt Ex- 
ample, you may note, the Queſtion gives the Angle at R, to dif- 
fer from the Angle at D 5 degrees 3 which i muſt make I R B 


5 degrees leſs than IDB. 
d, mM 


BI RAY" 04') 5. R 64 40 C4, 0.04391 
Das Fo RI 644. 75 BI 37 - 04 | 9.78013 


Required BR. I,, RB 41 50 9.82404 


This R B ſubſirated from 90 deg. leaves the Latitude this Arch 
paſſeth at R483 deg. 10'. 


Loftly, for the difference of Longitude D BR. 
d, m. 


t.coBR 41 50 0.05319 
s.co.RBI 31 22 9-93135 


41 d. 50 
ired IBR, 


< 37 4. 04 yt. BI 37 O4 9.87816 
Pee lh. equ b 


d. m 
9.87816 


IB 374.-04')t. BI 37 
Da. BD 40 4. oof @ BD 40 0.07618 
d PREY ho IBD 25 49 9:95434 
& i 
a A200. who 31 22- 
Frgo which ſubſtrat 1B D 35 49 


And the remainder is D BR the Longitude that 
lene at Þ aoanient' FEY'S '+ o5 33 
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"CASE 7. gs) » 2b 
The Latitude of a rm given, the neareſt diftance of that plat 
® from another, alſo ; with the difference. of 
tude between Fs, -. ta find the dire Poſition gr P i 
from it, aſe the Latitude the other lies in. 


Queſt. 7. Admit the neareſt dift ance fromthe Lizard tate 3423 
miles, or 57 deg, o8', and that Barbados bath Weſt Longitude fron the 
Lizard 50 deg. o0' 3 1 demand (provided the Lizard lies in the Lati- 
tude of 50 deg, 00") what Latitude Barbados lies'in, and the 
, A - from the Lizard to Barbados, 6r from Barbados to the 


& 4s TX; #$1 
N the Triavgle ABD we ; ik given - .the Longhulle: - between 
them, d mn 


_ 


DBA 54 ©0 
D B the Complement ofthe Latitude of the Lizad 40 O90 
D A the neareſt diſtance in the —_ of a great Circle | 57 os 
c | Ga 
C2e 3 = 14 hy ag". : Ck. "o C 'c ual 
gs 1 þ 
+, 5 27353000 L 21) -EIC 21 122 +' £0001 3 '; bnA 
Firſt, Fir thy MOR from Bitbldos 1d th# Elrardi' A. 
d. 
&; s. DA 57 pr 00. ar. 0.07575 
To s. B 54 00 * 9:90795 
So, 7. BD 40 Oo 9.80806 


To 4 =. $ 1 | 9.79176 
O93 After 
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4 —_ ! , Y = 
z% - 2 07 L 
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PO Me Great Circle Sailing. Fr 
After the ſame manner, if the Complement of the Latitude of the 


Barbados had been the Latitude given, you would have found the Angle 
of dire& Poſition from the Lizard D. 


£ 
To find the Latitude of Barbados, the Complement of which is A B. 


We will-let fall the Perpendiculat DI; aud -ſo the- Triangle ADB 
is divided into.two right angled Angles, namely D I Band DI A, 


_ Tn the Triangle DB I. 
| vet Mo ; as | | 

v-17B'D" 404. oo'y ts. BD 40  o© " 9:923$1 
Data. JDB1 54 d. 00 Fen! BI 54 00 9.76921 - 

CRequired BI. 27, BI 26 15 9.69302 

d. m. | | 

As $.co, BD 40 O0 | conan 6.11574 
Eto 760, D299 ER! #6 on  S _ 

Sois 7.co. © TB "26 15 SHR 34 go e2 

To 4. *I& 50 33 9.80301 

; F: d, m. 

' Now if to-this T A here found /50/ 33 

You adde I B before found «© - / 8& ..a9 

It gives B A the Complement of the Latitude at A / 76 48 

hoſe Latitude is required 13 12 

Laftly, for the Angle of Pofition from the Lizard A D B. + 
2 of uh | | 

A . ABD /40 OO C0. ar. 0.19193 

iq +» A 38 15 9.79175 

$0 5. BA 76 ' 48 9.98837 


To. .. BDA its. to R369 40 "9.97205 


'deg. ADR=toBDR 


The Angle of Poſition required at D,then is thus found to be- 69 4. 40 
The like is to be underfiood for any other of this nature. os 
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CASES. 


Two places being known, the one to be under the ninoftial, the | 
other in any other Latitude given, with the difference of Lox 
gitude between them ; to find their neareſt diſtance in the 


Arch of a great Circle, the direft Poſition of the ' place 
from the ri, and of the firſt place from pre fond pros 


Queſt. $. Admit there be a place under the Equineflial, another place in 
North Latitxde 49 deg. 00', ani lying to the Eaftwards of the Meri- 
 dian of it 38 deg, 00';, I demand the neareft diſtance theſe 
places, and their Poſition or Angle of bearing ( in the Arcly of « great 
Circle ) at firſt ſetting from each of them. oY | -1 11 


E may work this cither by the Com ts of the given Lz- 
titudes, or by the Latitudes | 0) wg if we wah by the 
Complements of the Latitudes, one fide of the Triangle is 90 degreesz 
but if you work by the Latitudes themſelves, then you will have one - 
Angle a Right Angle. I will touch upon both, but-xeſolve it. firſt in 
the right angled Triangle following 3 in which 


| Let A repreſent the place*under the E- 
Þ | quinoQial, ; | 
Let B be the place in the Latitude of 
49 deg. O@'. / v1.1, ! 
Then is BD an Arch of the. Meridian 
from that Northermoſt place to the Equi- 
_ noQia), and cuts fo far to the Eaftwards of 
the place in the Equinodtial, as between it 
and that place is the difference of Longji- 
tude A D 38 deg. oo. 
And AB is the neareſt diſtance between! 
" themin the Arch of a great Circle, 
A is the Angle of Poſition at the place 
A. D under the EquinoGtial. | 
-_ B is the Angle of Poſition from that 
place in the Latitude of 49 deg. 00". 
- The Angle at D is a Right Angle, 


Þs 


oy ISP - o a i 
"£4248, TRIS:  — 


F 


 2aphq 2210 Þ oburi: &1 24> 6 monly. «QF 


In this Triangle then, LE IIS - | 
DB 494 oo 
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> B A-Rod. is =to 1caB Dſ-rcs D A 


BA. 


d, m. 
i.co., BD 49 OO 9.81694 
is nc DA? 38 oo 9.89653. 
* ro, BA $8-_52 9:71347 
- Their neareſt dittance agen Che BA fits $2', or 3532 
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_ | dm 
ne. DB 49d. eo'9BD to.  - 49 Oo 9-93916 
b 
in Das FDA 38d. oo FAD & * 38 oo 9.78934 
; SRenbol 3. nd i 4.6 12 Nor, pg aþs0 
Fr. fog Parra | ont nag? 3 DES £Q8 
wxiizps ff nn 3% i. 51 A 3418 AG 
Wit wh 7 0 21189 © = 4 11% 2Þ»&2 bus 
of d. m. 
a BD 1.00 38. 0.10719 
"7 Dato, Ty 38; 00 $7. - 5 _9-87777 
o& Jag lo ©; oy 46. 09, Wellly 958495 
it + 201474 teins to 22n512Hib 262 A gd 
- "The like may be done for any other'Quaſhion of this'natateylwhoete 
none of the Sides or Angles are above go deg. but you yy k this 
af in anothes Triangle fromthe Polez;uhus: . / L 
L 6) 19 -3 _ 3  O3-=="; 16 Wn 1 
In the Filwing Triangle ABD, 
ws -ne the North'fb{d, A the plite ufider the EqfitioQial, 
:Þlace that is in tirade of 9 & 00', chen'ts AB 
[0 x 1 2 1 ls | p As © 
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BDA is the of Poſition from the Northermoſt 


DAB the An TANG under the EquinodQial. 
And theſe are t \__ 


EG TEES 


Now in this Caſe we have given, - 
DB the Com t of the Northermoſt Latitude ' - fag 
DBA the di of Longitude 4 
.. Andthe fade AB is a right file os 1+} _— 


xr ” 


Firſt then, for BD A, or BDR, pd bans Ea. 
-< $D-y: Les, s= to err Sb a BDA. 


I Sl 
he Cou «ttt rim D, 6B on 
46 dey 00! Weltedy, ©... >, Rs bs 


wore i bind Or _ 
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ar\? 
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9.72850 
| 1 eartighT ; EVI etq? Nx 
Laftl, for the nearef diffance D A. bY 


Ct os ES" + Rad ies Bobo ne: N 
Data. $B 35d. od' A 5/066 '& | 
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x . F 
\ $33 TI 


C *7 Try \, te, \ a> al | = - 
1.co B 38 00 © -. 9.89653 
Fo BD " "ig 09... .: 5. jo $:82694 
ul . . / C AS «<2 T3 'Ss k L + 1 


3. co. DA os: $0; 1 9-71347 
Thus near diface of theſe plics is 58 53g: $4). 


And this youſee every way agrees with — Example of the © b 
right Is: Say | 2-4 
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ceFbeing knttds {Br ove 0 Bi an  _ 
" in any Latitude given, and the year ya | 
places dt alfs: browm ; IT 1/3 
the direft Poſition of the firſt to. 

wh the firſt. 


| places to be the ſame i beds ( the Cartie Fi- 
Tap lr for their Rory noee be given in 
The right WT AND 
The neareſt diſtance between the places B A 


| Thsdifjote of Latinde berweta them DB 49 


C TA (1 1h 11+ wy, | 


\*, Firſt, for the Angle of Poſition at B. 


Pr pls o=w1.vd+ coi. 
TY 0 EY 1 1 
WA to” bY ov 22" 


Secondly, for the Angle at A. 
; BD+ Rodim, is = to 5. BA þ+ 7. A. 
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34 FD 299 


s.ca DA 38 oo . 9.89656 
4A 2 HIQEL40 0 4 2113 ISHT TIKHIOL 
The fame mi be done in the Triangle A BD, which hath the 
oe BA 90 deg. in it you have you 
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Wo Concerning t the Longitude. 
"| oy -'158} 338Y 


| 019974 Yo it (21 10t .28'06 AW 
- 0 R the dog the ade of the place where you _ 
'# ' 


\, how much ig.differs from the Meridian younlct from, it's 
thav you have Tdbles if sbc; Surts-Plhice _—— — 
calculated in Degrees, Miuntes, and Seconds 3 and 1 Es 


1 have done Food alga on :-chu 


how eaſie *ris 
hire Ns Yo key to the perſon ——— 
to ſhew two or three Examples of finding them 3. and fo the _ 


I Night bn ble obs More e.of 
. bow.to find 
7 that —— AS in en be Hpres but 20 wt 


tind wr zime of Night, ) I count Key but little more labour to 


Fs 
th os 2 of ;ble: rk Ib, 


Book z and where they are, they be not calculated any nearer f 
@'inute of Time for the molt part. 
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In tisEzam- 4 Mit the AE of April 1685, 7 would kuww 
= Aſten- Suns true Place and Right Aſcenſion, alſo the 


hon is keſs * finda the Night exattly, that I obſerve the Al: 
nog Sewn AX tritude of the I Lions T, +1 to be 50 deg, 20 miſh 


riſing, provided T be in the Latit. of 4s 7 10% 


Look in the Tables, and tind the Suns Declination the x 11 des 4. 
| ticſt of April, is Northerly int” 
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P47 a> i 
k A $3 % P 
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” pH : 4 . for o..»% T 
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Þ IX X tut png 
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_ +-BA + Rad, is =t0 ft. co. A 2, BC. 
&  m 
r.co, BAC os + OY 10.36169 
&.; BC 3:IT, 49 07 Y 9.32039 ; 
HS "29" 45 *f 7 9.68228 


Thy ns Right Anion oh os x' bo. TA 
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For this occaſion, it's no gre matter whether you had 
Suns Place or no, for we (I: | , atlal | 
done. WOT: A 7 


For the Stars | 


The fide X D the C 
The Complement 

The Complement of t 
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Halfthe fide R # is 


\d _ iſlerg TOE V3) lides D R XR bud. 
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From the Right Aſccifion of the Star (with 360 deg. added) $32: 58 
Subſtract the Suns: Right Aſcenſion 


The zemainder is 


Whogrants into time, is PIE 2: 6", which is the time 
AE Clock that this tar comes upon the Meridian, which 
at by Clock 6' 36” in the Morning, 


423 | 4T1* ah. ; 
Lat; for the time of Night tht Tr my Obfromias 
* gys » 
From the rirve of the Stars coming upon-the Meridian,  -, 8 98 36 


I ſubſtract the the Staxoras hont of the mY” 
LY _ 3% 20. 
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| | | | $2 ildees 


Star.) 

Alſo — a er Her coats tho Meridian 
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6' 36” jn the Morning, will ( fifteen days aft 2b 

ridian at hear 7 bv. 6' 36”, and fifteen days after thar, 

Clock 6' 36”, and fifteen days after that ( which js 

from thefirſt )'5 a Clock: 6 36”, and fifteen days affer at” rv: 
hrs upon the Meridian at theſe times') me 
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395 ers I» «74 has 


bo 


efet 1 
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11:3 bo-e$; 29%}; 
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” the Variation of the Compoſer" 6. tA 


Penn a mn 


the difference between the 

San,and" His fre 
#rmtb, arid his Magnetical 'Az: 
{torn that, {o much the Compi th 
of the Compaſs: Now for the Cauſes of this Variation, ſome Have. 
undert#keh-to give Reaſons- t their Philoſophical tht | 4 N 
arrived to-any perfeiory of ' Hot doth It? fats 
lit 

7 remember, when I went to the, Weſt Iſle, I took all | 

could of the Variation of the Coi ompaſr, andf6und Tittle'alt | R—_ 
what.itis in Eng/and, till I came 5 ( as 1 remember ) 72 _ (i 


thercabouts) and then I had 22 | 
and it continued fo Gab a1 
tude again 3 and” then Tk 1 


( faddenly. & F do hte of t this Variation is ſo along JGC ( 
the Ie: for at Ne Vayation, al { 6 def | 
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Circles that you. ſee there 3 the Center C theſe degrees is 
drawn from )-is on the oppoſite partof the braſs Circle, whereon the 
| Index moves, whole edge cuts the degree and minute in time of obſer- 
nation. 

Upon the Index is a Sight obbrafs which is to fall down or ſet up at 
pleafure, Now from the top of this braſs Sight is a Thread that 
comes down to the middle of t the Index, and that ſhews the ſhadow of 
wy w_ a Line on the middle of the ſame. 

mpaſs being compleated, hangs ina ſquare Box of Wenfcote: 
king wil faſtened there with braſs Pins. | . 


The fe of the Azimuth C ompaſs. 
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$0 much of that Art'as is abſolutely a 
for a SEA-M AN to'know. - 


CHAP. I 4 Ss Bat 


wah not in- this to treat OED PRE EL s 
for it would {w peaks pany Bur | ſhall 
onely touch upon fi yu \>at4 ger 
profeſſed Gunner or not ) ought a big with w# (in 


mrs, 1. or in practice. And te WES 

phce ( to'avoid many words ) I ſhall lay before you a Table ſhewing - L 
the Names, Wel gs, On. of ſuch Pieces of Ordnance as#re 
now.in Life, Which Table is thus to be read and underſtood ; | 


& for Example : Jy the firſt Line of the Table, which is a Cannon 
Royal, a 


"Weight is 8000 pound 
h is 12 foot. 
Diameter at the Bore is 8 inches. 
-- Shots weight 63 pounds 4 ounces. 
| Shots diameter is 7 inches and 67 hundred Part inch. 
"Whoſe 4 von Powder for load is 443.2 
h is 24 inches.” ® 
Lt dh 15 inches. | 
* | Cantrid ges length is 16 inches, and Jnr Ie a 
Cartridges breadth is 244nches, and one tenth part of W..- 
LC inch. | 
ae 2 . | | 2 
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A General T A B L E n the NattesWoights, &%e. ' F? 
"% .” : ; 


The Names keighs, Lepgth, | Diggetet 
OG the | of te, of the. | of {the 
PIECES. | 


Cannon Royal. 
Cannon. 
Demi-Cannon. 
L. Demi-Cannon. 
Firſt Culverin. 

| Second Culverin. 
Third Culverin. 
Firſt Demi-Culyerin. 
Second Demi-Culverin. 
Third Demi-Culyerin. 
Firſt Saker. 


Rabinet. 
Baſe. 
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Four Dutch PIECES; 


A 24 Pounder. 500o0. J11_ 79'\.2 

A 12 Pounder. 3000. [10 61 7 
A 6 Pounder. 1500.| 9. 70| 6. 
A 3 Pounder. _ 750 |-7. ole 94 $. * 
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Four Dutch PIECES: 
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cHAPu-- 8 
The Names of ſuch Inftruments at a Gunner of a Shig 
ought to be furniſhed with. ' b1 
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Co oriinicti ansS mms 
A Height-Rule for diameters of Bores. | 

Braſs Heights for the nature of Shot. 

A Gunners Scale. | 

A Gunners Quadrant. 

' Molds to caſt Leaden-bullets in of all ſizes. FR 
Wyres and Springs for the Di of Guns, with a Tranſome to go _ 
Ea oramming te iaverrof tir, Th Tu 
6 Plain Scaloind Gu Compiies with Shddpolies, = 1 

Other things are ſach as no Sca-man'is unpiovided 'of 
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| the Piece, and by the light of the C: 
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CHAP.IL_ + 


How to ſearch 4 Great Gun or Piece of Ordnafice ; 
that is, to diſcover whether ho any Flaws, 


in any Piece of Ordnance : Several ways, 
The firſt way, for Flaws or Honzy-combs. 


Sun into the Concave of the Piece ; by which means there will be 


- ſuch a clear Light within the hollow Cylinder of the Thaw, Fas o 


Flaw or Honey-comb may be cafily diſcovered. ; 
%» 
"4 Another way... : 
Take a Stick, which muſt be ſomewhat lofiger than the Concave of 


the Gan, and making a flit at one end thereof, put an end of a Candle 
well lighted, into the Notch; LG, hho, (he Wong of 


Ty el 


as you calily put itin or draw it out, you 
Flaws or Hloney-combs, if there be any io the "ate 


How to —_—_ Cracks. 


Mmcdiately after you have a Piece, let one bg ready wi 
Iz to clap into the mexeb of the Piece, with a a” 


| ark, or « Sheqpriyn woojped about the Marale of the 


the ſame time let one flop the Toxgh-bote 3 and if there. be any Crack; 
wnugh he Mac ETON MSI 
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Cracks, or Honey-combs (that is, irregularneſs) | 


N a clear San-ſhine day; with a piece of pollifhed Shee!, ( of for 
want of that, a ng-glaſe may ſerve ) reflcQ the Beams of the _ 


no go 
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Af in hiking 1 | Pad of Artillery a _ſmart-firoke with a « Ha wer on 
| the out-fide thereof, you fhalf hear a' bearſe found 3 why Jent'f 
that «be Piece is not ſquod, .but ped $rrag nano 
. bout it; But if aftes every ſtroke wi 
+ ſound; itis an-afſuxed Ly Med 


CHAP. IV... | 4 
How to fend beth 


or 710t. 


W. 


by abawe 9 or 10 i 3 at the end of wh aſe of ou | 

a Rammer-head ( or rather a Piece of Wood IT a 

poſe ) as ſhall juſtly fill the Concave:Cylinder under the T | 
Ry pp.ln 0, bot eaſily, Then take another.round | 

_ ade. gy Nate phoee re | P 
niece ph 206 


+ £0 2. dnl bfuhen at the end 
Piece, make a ſmall hole acroſs, t 
faſten thercin a ſmall Rod of Iron about 14 or 15 inches 1 
end of which Iron Rod, fix a Bullet of about 7 or 8 
And {© is your Infirument.fitted. 
This Inſtrument thus prepared, put the Remmer-bead into the Month 
of the Piece, home to the end, mm oa - | 
into the Mouth of the:Piece, and then ( the Coneaye 
ing levd in the-Carriage ) the Buller th end of hs Bf 
both the R ammer-head Tad the yonnd piece of Word in a 21 
+ Then take your Priming-Ivotijand ome. —"y at the Toweb-=bole, 
.a mark with it upon the R ammer-head.: ' This _—_——_— draw out —_— 
firewveit, and lay the Rammer-bead and round. piece of Wood upon a 
and level Table, the end of the Staff where £ Bullet hangs, 
of the Table, ſo ſhallkthe weight of the Bwllet cauſe the K 
a s 
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Ps a Pike-Rtaff, | than the hollow 
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Me le on the Tables Wt be 

able.z if it be, 

'haed3+ bue'if 

you find the*mark not to. bc at the bp g096 bat .to-the 

right or left hand, ſo much doth the the right 

orleft hand ; And therefore in Shooting, the f Finn a be charged 
and ordercd accordingly. 

By what hath been here delivered; you may fig whether the' Bike | 


- indine to the right or left hand:'- But to kriow whether it lic upwards 
" ordownwards,. and not in the middle; hay way Rep bOnee 3 chere- 
| fore, to find that, take the DireQions 


Take a piece of fireight Wire, and bend it ., at one end, ab 
2 quarter of an inch or leſs, thatiit tmay catch at the Meta} when | 
take it out at the Towch-bole. Your Wyre prepared, put it in at 


- the Toxeb-bole,- Hilie touchclit Mera} in the- -of the Chamber, « 


and make a mark upon-the Wyre, jufbeven with"the' ſaid Towch-bele 3 


\ thendraw-up 5 and thee make» rk bee The ine of ſe 
the Chamber, and-there make a mark as before : 

_ two merks, is the juſt diameter of the-Chamber 3 and 

| tween the firſt mork and-the'end/ of the Fire, ( halt-the- ; ob 

the Chambey-being taken owt-of-it ) will 'berhalf the-diameter of thes 


Pece at the Tavch-bole,- if- the Piece be truely bored: But. if this nam< 
ber be greater than half the'diemeter of the Piece, ther the Bore lieth too 
ir from the--Toweb-bole, and the upper part of the 'Met is the thickeſt 3 


| but if the nurnber be leſſer than the diameter, 'the wider part of the* 
Meal is the thick. 4 


EXAMPLE. 


We will, ſuppoſe the diemeter there-to:-be 12 inches 3 then by my 
Wyre I find the diameter of the- Bore to be 4 inches, and. to the bottom. 


| the Mete},7 inghes and a half: The half of the diemete of the Bore 


k 2 inches, which being ſub&raQed fagm 7 inches, leaves 5 inches and © 
2 half; which, ts Tue of the Piece at the Toxch- 
bele, by half an.inch-4 and rt.of the Mitel is in 
i i Cor der th Bar) of th Pic e the danger 
ofthe Pieces breaking is aboxe., | TON 


© moreartiticial than others ; I will give you an account of ſeve. | 
. . ral of then, and give the induſtrious Gaaner leave to” make 
"choice of that which, may beſt ſuit with the time and place where he 
hath occaſion tgymake uſe of it. | | | | 


F*: the elfeQiog of <his,there are ſeveral ways,of which forme are 


n p - 
: 
One -Wway. a #4 


= Git the Piece round about the Boſe-Ring, and alſo.about the Muz- 
x/e-Ring, ſeverally,-with a String, ( or rather wich a piece of Tape, ar 
narrow Ribend, which will not ſtretch.) Find or meaſure, the lengths 
of theſe two Girts ſeverally upon ſome Scale of..equal parts, ( as of 
Inches, and 190 parts of an inch ) then divide cach-of theſe Girts nv 
to 22 equal parts, and with-youx Compaſſcs: take 7 of them z, ſo ſhall 
7 of the greater Girt be equal to the diameter of the Gan at the. Þ 
Ring 3 and 7 parts of 22 of .the leſſer Gire, ſhall be the' d 


the Piece at. the Muzzle-King : > Then with your Compaſlics meaſure 
A TH any and hundred parts of 
an inch ;, avd ſubſiract the leſſer of, them from the greater, 
of the remainder (hall be the length of the Difpart belonging to tha 
Piece, / k | 
EXAMPLE. 


Coming to a Gun whoſe Dipart 1 would know ; firſt, 1 girt the 
Baſe-King, and find” it to be 42 inches about 3 then I girt the Mrz- 
zle-Ring, and find that to be 31 inches about z then dividing the 
length of the greater Girt 42, into 22 equal parts, I find 7 of them to | 
contain 13 inches, and 37 hundred of n inch, ( which. is above 
a "quarter cf an inch. Set this number by 3 for iris the th of _. 
the diameter of the Baſe-Ring. - Then divide the length of the leſſer: 
Girt 31, into 22 equal parts, and 7 of them will contain 9 inches; 


: 


$6 hundred parts of an inch, ( which is above three quarters of an 
inch.) Set this number _by alſo, for _it is the length of the diameter 
of the Muzzle-Ring, and ſubſtradt it from the former, and the remain- 
der ( or difference ) will be 4 inches 50 hundred parts of an inch 
(which is 3 inches and a half 3 ) the half of which is 1. 75 3 that is, 
. 1 inch, ad 75 hundred:patts of an inch, which is 1 inch and 3 quar- 

ters : for the true length'of the Dipparefor ſuch a Gur, whoſe Gire at 

the Boſe-Ring is 42 and at the Muzzl/e-Ring 31 inches. 

This is a good way to Diſþart any Gun z/ but it is very tedious, and 
requires great care in the pertormance. Wherefore take 


A ſecond way to Diſpart any Gun. 


Take two fmall Szicks, (each of them mult be longer than the di- 
ameter"-of the Baſe-King of the Piece you would diſpart 3 ) lay ane of 
theſe Sticks ( the middle of it ) upon the upper-part ' of the Baſe- 
King, ( (quarewiſe croſs the Piece ) and fixing it (or cauſing one to 
boli it FF, ) there, having in readineſs a fine Thread and Phammee, 
hold it up- by the fide of the Stick, moving it along «ll the String do 
juily touch the Baſe-Ring on one lide of the Piece, and when it'doth 
ſo, make a ſmall mark upon the Stick 3 then take your Thread and 
Plummet, and go to the other fide of your Gun, and hold it up as be- 
fore, till the Thread 40wab the other fide i0h 'the Baſe=Rgng 3 2nd when 
it doth ſo, make another mark on the Stick; Then awe che Stick off 
( {quare-wiſe ) at thee two marks, forthe length of it is equal to the 
diameter of the Baſe-Ring of the: Piece. Do ghedilte {wilth your other 
Stick) at the Muzzle Ring 3 and laying theſe two Sticks together, you 
hall find the difference of their lengths : and half that differgnceds the 
true Diſpart for that Piece. | | | 

This alſo is a good way, but it mult be neatly handled 3 ptherways 


you may run into a great Errour. 


A third way to Diſpart any,Picce. 


' If the Piece be not. Chamber- bored, take your Primiag-zon, or a [ircight 

{mall Stick or Wyre, and put it down into the Towch-hole, until it ſtop at 

the Metal under the Touech-bole in the bottoms and uponthe Stick or 

Wyre, make a mark level with the top of the Baſe-Rang 3 apply the 

ſame Stick or Wyre to the bottom of the Metal at thie Moxth of the 

Piece : And ſo much higher as the mark at the B2ſe-R ing "Was, more 
is the neD3 


than thisat the Myzz/e-Rimg,that difference i art. 
: CHAP, 


Gce 
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CHAP. vi. 


Conſiſting of - ſeveral Queſtions which every Ee; 
fi to be perfe$t in, ad þ able to reſolve them 
upon any demand. 


QUEST. 1. 


The Diameter and W: - he of a Shot being given, to find 
| Weight of ax other Shot of the ſame Merl nl 9's he 
_ Diameter. 


Examp. Ihave an Iron-Shot which is four inches diameter, ad it wagh 
$ pound + I hers exnber She of In whe wer & inde 1 
demand what is the weight thereof ? 


The Analogie or Proportion. ; 
As the Gube of the Diameter of the given Baller, 
Is to his Weight 3 
$o is the Cube of the-other Bullets Diameter, 
To his Weight. 


Rm mow. put cube both the Diameters, andthe Analg 


par pnagbnrtion n wha: of the given Shot, 
Is to the weight of the ſame 3 

So is the Cube of Diameter of the Shot whoſe weight is required, 
To his weight. 


4 inches 
4 


16 
4 


" 64cube 


Of GUNNERT. "274 hy SY 


64 ( the Cube of the Shot given ) a ITS 
a wiigh, whoſe Co Cabe of Dlamercrs $12? ; 


\ 


64 9 $12 FE 
gs 9500 (72 
Facit 72 pound 4698 
QUEST. 2. 


The Weight and Diameter of a Shot given, to find the Diameter © 


of another $hot bas his weight given, they both being of one 
Metal. © 


_ Admit a Shot be 271, and bis Diameter be 6 inches ; what ſhut 
of 64 1. have for bis bis Diameter ? 


Xtra& the Cube-root of 64, and its 4 3 and the Analog is as 


here following. | 
As the Root of 27, 7 agh is 3, 2.4 (8 4 -Y 
$ is the Root of 64 which is 4, Trung 4 
To the Diameter required. - - Facit $ inches diameter. _ -*f 


QUEST. | » Ws 


Hrving t ontent and Diameter of 2 Shot tven, to fad the 
Content ge oy of any other Shat, whoſe 7a & given. . 


Examp. Dia 1 booee Shot whoſe Diameter is 4 inches LS 
ir 101. 12 oun. I fonens ths Come hs Shot that is 7 Sint 
dgwger. 7 ST 6:8 


Ons 4 inches 5 is 4, 3 25; and becauſe the frl cr" third | num- 
ber is both to-be reduced to one denomination, before it\can be 
wrought by the Rule of Proportion 3 therefore the 6 inches is's 22; 
Alſo, reduce-your.middle number, which is 10 /. I2 he RED 
and it is 172 wnrs -Cube the Diamettrs, and a r= 1 


Ccc2 


| of GUNNERT 
As the.Cibe of 4, 25% 


Is to 172 ouncess: - 
So is the Cube of 6, 00, 
To the Centen or _ t of —Ouy 
And ſo working of it, you will. have t alt in ounces, becauſe 
the middle number was reduc'd into ounces 3 which divide by 16, and 
the Quotient is pounds, the remainder of the divifion ounces. 


QUEST. 4 
The Diameter of a Shot being given, to fd the C reqyſnme 
in the hate pan of it. | 
Examp. Let there be a Shot that is 6, tos inches Diameter, I demand 
the Clnanyeryer 7 
The Analogie. 
As 7,is to 22 3 ſois the Dianieter of any Shot, jo hlsClrcuniaiaks 
| Example. 
It 7 22 6, 20 
22 62.6 6. x 
? 28649 (194 
| 12,40. - 
Facit 19, $5; Inches 1240 7777 
Circumference 136,4Q 
QUEST.'s 


The Circumference of a Shot given, Pp, hut the [REY 
Examp. Let s Shot be 19, 48 inches about I demand the Diameter ? 
This is but the converſe of theformer Galt? for, 


As 22,isto7; io is the Circumference of an Cine 10 the De 
meter. Therefore, , 


(2 
A822 7 x9, 48 2 F 
7 pl. 1.4 ge « 
Facit 6 32% inches 13636 #324861 iy 
of a hundred 22 


QUEST. 


of GUNNERTY. 28t- 
QUEST: 6. 


ahe ſuperficial Circle or Bullet that i 
% fn ns th ud n 


\. The:General Analogie or Bade. 
As 24, is to11 4 hs the ſquare of the Ovgyey ahey ee Pc 
the ſuperficial Comntenc. | 


QUEST. 7 
7 0 find the ray Content of any Fey Shoe, and fo bis Weight: 


h The Anologie is, 
As 21, is to 11; fois the Cube of the Diameter of any Globe or- 
round Bullet, to-the ſollid Content of the ſame. Dy 


Examp. Admit I have a Shot that is 6 inches Diameter 3 I defire to know 
bis Content in inches? 


ar 22.226 6 
n "TT 6 - 
216 28 (3 36+ 

216 #278 (153 " "0 

2376 TaYEE - Diameters Cube 216- 


Facit 113 


Next, t0 know the Weight of this Shot which we ſuppoſe 6 be on. - 


Note, That one inch ſollid of Iron 4. oqnces 3 therefore Pl 
EY O87 CARR YPonre by 4: 1 OPIN, COP 1 
ounces. | 

Em” | 113,1 
TY ow 4 
23F(4 L.- — 


9 9507 Content-in ounces .. - 452,4+ 
4 T7 


Fark 2b 4 ounces, 5-of one ounce. | with 


QUES T. 


2332 of GUNNERYT. 


QUEST. 8. 
' To find the ſollid Content of the Yacuityor Conceve-ylindr of 


a Gun. 


Ake the Diameter of the Guns Bore, and find the { Cone 
-tent of that Circle, ( as I have (hewed in Queft.: 6.) 'then take 


the depth of the Bore, and multiply it by that ſuperticial Content, and 
you have-your deſire. ( This is it the Gun. be full bored. ) 


QUEST. 9. 


The Weigh of a Gun being given, to find the Weight of anther 
Gun that is of the ſame make, but thicker or thinner metled. 


TY the greateſt Diameter of the given Gun, and alſo of the un- 
known Gun, and cube both their Diameters 3 then ſay, | 


As the Cube of the [Diameter of the known'Gun, þ. 
Is to his Weight 3 

So is the Cube of the Diametex of the unknown Gun, 
To his Weight required. 


QUEST. 10: 
. To fad the Weight of any Iron Gun that is Joo, nickous I 
ing him ( very near.) © C 


*Ake the hcight of the Gun at the Britch, and foarake Muzzle 3 

then take his length, and find his content in inches,.as though 
he were all ſolid. This done, find the Content of the Concave, and 
ſubſtra@ that fromthe other, and note the remainder.” Then find the 
Content of the Nuts or Trunnions ( which are Cylindricsl ) and” give 
a competent allowance for the Rings and Britch ( without the utmoſt 
height )* and adde them to the remainder 3 the ſum is the Guns Con- 
tent in inches; 

Now becauſe one ſolid inch of Metal is 4 ounces, multiply the Con- 
tent in inches by 4, and it gives the Content in-qunees 3 and divide 
them by 16, and the.Quotient is the Content in pounds 3 the remain- 
der. ﬀ the Diviſion is ouncety ('becanſe 16 ounces 1s d.) 


» + bs 
. Y , 
| "1 . , 
F ade 2) 


"4 * 4.1.45 
% 2 ; _ ” 
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| QUEST. yet ine | 
What alowances of Powder muft be given for any Gun. 


Braſs Gun of about 4000 ]. weight, you may allow three ountes 
A Fe 60 oY 232 AI Metal in ſervice. f 
| To a fortified Gun of Braſs, that's a Culverin of about 4000 /. 
| weight, and to uſe him ju orice ai et ial the weight of th 
| hor for his load of Powder of his maps, 

For a Saker; four fifths of the Shots weight is load-for Aion 
but for ſmaller Picces, the whole weight of their Shot is their load ; 
but you may abate ſuitable to your when they are hot, ac- 

| cording to the ſirength and goodneſs of the Powder. . 


{ Note; Three ers 4s much Powder is the load far an Iroi Gun,-as is 
for @ Gun of the ſame nature of Broſr. 


Toa Demi-Gannon,- the Tower allows 5 ouncesand half of Powder 
to every 112 1. of Metal,if the Gun be a fortified Piece of about 4400; - 
at ORIISOY ounces to every, 112], of Metal ( if the Gun be -- 

) 

Demi-Cannon Drake, of about 3800 /. weight of Iron, allow in ſer- 
vice 3 ounces to'112 k of Metal. 

; Demi-Culverin Braſs; of 3300 |. in ſervice, allow 3 Gunees to every . 
| 1121, of Metal. 

, Twelve Pounders of Braſs, fortified, 3200 weight, 3 ounces ind 
, half to every 112 1. of Metal. 


mm. 4 "_ WY 4a _—— — 


of FIRE-WORKS. 


How to fit a Granado-ſbell for Kennin, 


ym Orifice of the Shell pat in a piece of wood that hath a hole 
 —_ it, and in that hole put your Fuſe, ſo thatit may joy tothe 
OO Reis the cd ( 6 000 0 EY 

c 


| 
7 + "CHAP. VIL 
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Ms 5 


-Fuſe is putin at 3 ) Set this Stick well into che Shell that FR: 


ſure to reach the Powder, and let the top he broad and hollow _ 


| tertain the Fuſe. Men do & the void place w 
Powder, which-muſt 'be moiſtened Cum-water 


that it may joyn the better. I ſuppoſe your own ingenuity will diree - 
-you how to compoſe the Fuſes, and therefore T geretnonns hn 


: but fill che Congre rey con Gage 7, Avg 


To make Stink»Babs. 


*Ake Powder 10 1. 41 Mr ke 61 Tarnok Sat Ps 
L 


pound : ET AEES DO 
-nen or Woolkn-Cloath, -or tlemp or Toe, as mach'as will 

all the matter : and of theſe raake Globes or Bails of what bigneſs 
pleaſe. Tide Glohy vs Tell chap 86 hee veneunona Se IRCEngy to 


v1 943M 


"'Y l "1 To 


To we Powder-Pots. NT” | © Calan 
Th are commontymade of black Pottors Clay, x or = choke Gi 


round Bottles with Ears to.tyc Matches-lipined-atborh ehds: 


'Fill them with dry fine Powder, pin pawns. grace iner— 


. "where; they prove co A EIIIINC Ins ome 


- their own Ar wage » 0? Yan - 
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Encyclologium, 


Sliding Circles, 


The Argument: 


It is.not_ my. preſent Purpoſe in., this Book to: Treat of 
all the Vjes of this Inftrument, which'is JoUniver-" 
fal, that it Anſwers and Reſolves all Queſtions of 
Proportion, Trigonomitry, Arithmatick, 
Gunnery, Menſuration, Square and Cube- 
Root. ; and alſo Gauging, that requires a more 
particular Diſcourſe :- But uf: this 1 /hortl [y end” 
to write more largely in a Treatiſe by ir ſelf. [ 

| therefore confine my ſelf only to j much” as AT | 
to Þ | TEL 


5,5” <1r IN 


+ The D: ſefiptionyant# Uſe, of” the frayed i 


P 0 N che putoipſt:Exge: of is Inſtrument i in ls Cir-- 
; cleiv/ -tx;ble'Line'of Nambers, threetimes: ropeited,) 
-: begihnging and -endingatthe Reudius A'B.Graus tg 
from one to ten, and from wn 0a hundred (and if yew: , 

pleaſe) from thence to a, org, endingat the line AB, as by the 

Fizure of the loſtrument will apps 


y 3s, 


»% F, re "+ 4 


— — I———. A. 
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_ The Uſe of the | 
2. On the next graduated Circles is a double line of Numbers 


repeated, beginning and ending at the ;R4di«« Line 4 B, from 
to tep, 2 $0g0% hugie ” 0 he$i ute | $4 * 
"Ju graduated Circle 13-2 e line of Numbers, he: 
inning and ending as the qghers, from one to ten, at the line AB. 
heſe three outermoſt graduated Circles are fixed ; but the two 
graduated Circles next within the pticked line, ate moveable. | 
4. On the outer.edge of theſe fliding Cicles,.is another ſingle 
line of Numbers, graduated as yhe laſt | aj ti Ciretecaſt under 
it, next to the-innermoſt edge of thealame liding part, is a liriz of 
Sines, intwo Circles from 1 to 90*®, and within it is another prick- 
9 The next Circles within the ſecond pricked iine are 
xed. . 
5- On the outermoſt edge whereof is-a line of Sines of the ſame 
Radius, beginning and ending as the former. | 
6. On the innermoſt edge of this fixed part is a Taxgene line in 
oy, Circles, from a Afnuze to. 45 Degrees, ending at the line 
ABD. 4% | 
7. The innermoſt Circles of all is another ſliding part, whereon is 
a Tangent line, beginning and ending as the former. | 
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CHAP.. IL 


Multiplication, &c. perform'd by this 


Inſtrument. | 


Ty multiply 12 by 12 look on the fipgle line of Numbers on the 
fixed part for 12, where the Radius line muſt be accounted for 
one,and two of the grand Decimal Diviſions for 2, at which is t2,and 


Ta -4,70 duCt ; and againſt that inthe treble line of Numbers is 1728. 


Sliding Cireles in Arithmatick. * 


——— 
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Suppoſe in 4 ſquare | ſolid piece of Timber © 12 Inchts,. 1 woul 
—_ how many cltical Inche? © — therein "hs JN 


I look in the ſingle line of Nambers oh the fixed. part for 12, and - 
- againſt it in the double is 144, and againſt that in the treble line is 
1728; which is tHenumber of Cabical Inches contain'd inthe Piece. 
By theſe two 'Examples you may multiply'any Number by it ſelfs 
being equal, without moving the ſliding Circles; andalfo find the Cu- 
bical Inches of any ſolid Body : Agsalſo in | 


Diviſion, without moving the ſlidins Parts. F 


Todivide 1728 by 12, look for 1728 inthe treble line of Num- 
bers,and on the lingie line is 12 agaiaſt ie, which is the Dew/or; & in 
the double lineof Numbers, and” between both in the lines, is 144; 
and ſo.many times 12 you have in 1728. And thus you may divide. 
any other Numbers, 20 

ſe the Number given were 1728 pence, and you would have 
it in » divide jt on, i (the nomber of pence ina ſhilling) 
and op Quotient is 144 ſhillings ; whith being computed, is 74, 
45. 04. , oF a 2 ie; 4% - £ pe 37 n 

And note-: That this Iaſtrument is'divide®#td graduated De- 
cimally from one to ten, and4d to a hundred, andthouſands; every. 
tenth is ſuppoſed tp be divided into one hundred-parts;..the ſinalleſt- 
Numbers are Decimals to the next greater Numbers, and the next- 
greater Numbers are. Decimals to the figured Numbers. . | 


So if you were t6 compute any Sum-in pounds, eyery pound is. 
divided into ten, or one. hundred parts of a pound; and if the fame- 
Number be acconnted as ſhillings, then every ſhilling is dividediinto- 
x0, or 100 parts of-a ſhilling ; if the ſame Number be accounted 
pence, its 10, or 100 parts of one penny 5 and the fame of farthings. 
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4 - The Uſe of the- + 


The Golden-Rule, or Rule of Three. 


_— If 1:Tardof Cloth coft 44.3 4. what will 8oTards reſt +. 


To work this; flide 1 on che moving linc.of-Numbers, r04.5 
pts. on the fixed line, and-againſt 80.in the moving liac wi. 
340 0n the fixed lines, oi . 


Now bring it into pounds, thus, 


Slide: 20, the.nqmber 0 ings in a poynd, ja the moying Lins, 
to-one on the'fixed line of 2; mbets. 200 Jook for*340 Ja rhe m5 V- 
ing line; againſt it, on the fixed, you have 17; which is the number 
of pounds contain'd in 349 5.. 


| To revert, the ſame; Queſtion, thus, 
| F, 62>, * 46% JV: 6 vs, 7 þ bs 
If 8 Yards of Cloth coſt 17 l.or 3405. what will: Tard coſt 2. 


Shde 340 in the moving part, to 80 og,the fixed, and againſt 1 in 
the moving line, will be 4425 p:5.00 the 6xed line of Numbers ; the 
4 is ſhillings, and the 25 is Þ inany parts of 100, into which the 
ſhilling is ig d.; {o you have 3 4, ang 4s. before, that is, 45. 34. 
one yard will coff Yds I oe us Et 


VL U 


Tf one pond of Tobacco coſt 4.4. 1 q: what will 80 pound coft ?_- 


Slide 1 on the-moving line of Numbers to 4.25 on the fixed line, 
and againſt 80 on the moving, line, . will be. 340 on the fixed: line ; 
which is' the Product in'pence. "RH 

Note, That if che 80 had been 800g. then the 340 had been ſo 
many pence if 8000, then the produc of this Number would be 
4900 4. which may be brought into pounds or ſhillings, as aboye Is 
taught. þ: 


Snp- 
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Sliding Cireles fn Arithmatick, 5 


—_ 


Suppoſe there ſhould be"8 Sramen come home in one Ship, whoſe Wages 
came to 124 1- A had'30}, due for Wages, BandC 171. « piece, 
D161. E141. Fi2l, Giol. H 81. By reaſon of ſonte great 
neglett of thefe men, the Goods laden upon the ſaid Ship ſuſtained Dams 
mage ro the value of 401, to be paid out of theſe Mens Wazes, The 
Queſtion 14, What each Man anght to pay? 


To perform this, add all the Seamens Wages into one Sum, 
which yoo will find comes to 1244, A 


- Stide 124 ( the whole Sum of their Wages ) to 40, the Dammage 
on the fixed line of Numbers ; the Inſtrument thus placed, again 
the Sunof each Man's particular Wages in the moving line,. oppo- 
fire x0 gr = fixed line,"You haye cach Man's part which he ought 
to pay ; AS, ws . 


Firſt, 1 look for 30 in the moving line of Numbers ( 301. being 
tae Sum A was to have ) againſt it, on the fixed line of Numbers 
you have g and 700 pts. which is 9 I. 145. 


For the Wages of BandC, 71. apiece z look for 17 on the moy- 
ing line, and againft it on the fixed lineis 5 and 5oprs, which Is 5 7. 
10 5, A Piece :. Aud thus, | | 


If you look, without moving the Inſtrument, for the Sum ofevery 
Mans Wages: on itit moving-line, againſt it on the fixed you have 
the Sum which cach Man ought to pay. 


D's Wages 161. muſt pay 51. 35, G's Wages 10/1, muſt pay 
30. 45. and H*s Wages $L mult pay 24.125, oy 


A Queſtion in FellowThip Reſolved by 
this Inſtrument. 

Five Men, A, B, C, D, and FE, put 3001. into a Stock,, by which 

_ Stock they gained 501, Ant in 841. Bputin72l, Cpmtin481. 


D put 


EE 
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The Uſe of the 


A ARu—————. 


D put in 541. and E put in 42 |. being added, makg 3001, The 
Queition «, What Profit is each Man's Proportion ? 


Slide 3 ( which repreſents 300 ). to go, on the fixed line, then a- 
inſt the Number or Proportion of each Man's Stock in. the moving 
line, againſt it on the fixed; is the Gain which each man muſt have. 


I look for 4s part 84 in the moving line, againſt it on the 
axed is 141. then loak 72, B's part in the moving line, againſt it 
on the fixed is 124. then look for 48, C*s part in the moving line, 
and againſt it on the fixed is 87. then I. look for D's part, 54 in the 
moving line, and againſt it onthe fixed is 9/. then Ilook boc42 the 
Stock which F put 1n, in the moving loop ioſt it is t7 4. each, 
_— yr being added, makes 5&7. the whole Profit of the above-. 
aid Stock.. 


CHAP. WM. 


The Uſe of the Sliding Circles in the Re- 
ſolving of Right-Lin d\ Plain. Tri= 
angles. | = 
CASE 4 


Dmit the Baſe given to be.4o dep. and the Angle at the- 
A Baſe 33 deg. 45 min. 1, demand the Peryendicular and. 
the Hypothenuſe ?- | | 

The Proportion. . 


As the Sine of the Angle B g6* 15, 
ls to the Sine of the Angle A 33* 45' 
So is the fide AC 40, 
To B.C 26.73 the Perpendicular.. 


Caſe. 


Sliding Circles in Rightlin'd Plain Triangles: 


CASE I. 


Again, 
As the ſide 26.73, 
Is to the ſide 40 ; 
So is the Radins, 
Tothe Hyper henuſe, 


- Which is 48. 11 


Loa ag) i age 0975 257 (3 eo Tg 
Move 56? 15 theſliding line of Sines, to 33* 45" on the fixed line 
of Sines, and without any other motion, look for 40 in the ſingle line 
of Numbers ; _ that, on the fixed line, you haye 26,73, which is 
the Perpendicular required. Aa 


* Next, To find the Hypothenuſe. 
CASE IL. 
| The Proportion. 
As the Sine B 56* 15 is to the Radius or Sine of 90; 
Solis the ſide A C 40, in proportion to the Hypothenuſe 48,11 
Move 56* 1 ta the fliding line of Sines, to the Radius, or Sine of 
go on the fixed line of Sinesz then look for 40 in the fingle line of 
Numbers; and againſt it you have 48. 11, which is the Hypothenufe 


required. | | 
| Revert the ſame Caſe, thus ; 
CANS... 


Admit the Angle, and Perpendicular were given, to find the Baſs 
and Hypothenuſe ?. 


As the Sine A upon the inner line of Sines, 

Is to the Sine B, on the outward line of Sines, 

" So is B C on the inner line of Numbers, 

'To.A C onthe outward line of Numbers. . | 
Which is 40 againſt it. _ CONINSEITOEICIG » 


8. | The Ure of the | "49 
The like may be done for the Hypathenuſe, if you uſe the Pere. 
pendicular as you did the Baſe, in the Caſe before this. . 
CASE: YV. x 
The Hypothenuſe and Angle given, to find the Baſe and Perpendicular. 
Suppoſe the Hyporhenuſe be 48.11, and the Angle A be 335 45', 1 
demand the Baſe 4 C, and the Perpendicular BC ? 
As the Radire or Sine C go, 
Is to the Sine A 33* 45' 3 
So is. the ſide AB- 48.11, 
To the ſide BC 26:73. 
Slide the Radiws, or 90 in the moying line of Sizes z to 33% 45' on- 
the fixed line of Sines ; look 48.1 1 on the ſingle line of Numbers ; and- 
againſt that on the fixed line, you have 26593 for your {ide BC. 
As:the Rgdims go on.the moying Sines, 
Is to 56* 15 on the fixed Sxnes ; » 
So is AB 48.11 inthe moving line of Numbers, 
To 40 AC in the fixed line of Numbers... -* 
Againſt it, is the Baſe required, 


CASE VL 


The Hypothenuſe and Baſe bting gives, to find 4he Perpendicular 
and the Angles, | | ey | 


Let the Hypothenuſe A B ( as beſore) be 48.11, and the Baſe 40, 
I'demand the. Angles? .- = GL ag ops TUE 
ASBA48.11, If to AC40;, Sois the,RadimC,,...Tothe SineB. 

Slide B A 48.11 in the ſingle line of Num'ers,r0 A C 40 cn the fixed” 
line of Numbers ; and agaifiſt 9s in the ſlieing/tine of Simes you find 

- $6* 15 on the fixed line of S;xes, which is the Anvie B; which be- 
102 ſubſtraRed out of 90, remains 33* 45 , and is you! Angle AL As 

As'the Radius C 90, Is tothe Sine'A'; % 45.5 LT 
S015 theſide AB, To BC required. © Fes | 
More go'.n the ſliding line of S5xes;10 32* 45/01 the fixed line of 
$inzs,& where 48:11 {the fide BA) is inthe moving lias of Numb&s, . 
againſt thet ou che fixed line is 26.73, the lide C B rcquixed. 
lk :  .: GHAPr 


CHASBEEY: 5 -þ 


The Uſe. of this 


[ NSTRUMENT 


lt > 


SK % 1 w#'. 8 


QUESTION I 


_ The diftance of the Sun from the neareſt EquinoIial point 
© {cither Aries, or Libra) 58 degrees being given, to find =. 


bis Declination. 


As the Radius Jo, ; : 
Is to the Sine of the Suns greateſt Declination'23* '30%. 
So is the Sine of the Suns diftance from the 'next Zqui- 
noCtial part Libra, 58*, Pond 
To the Sine of the Suns preſent Declination, 19® 45*; 
Y Move 


os = ts PY The Uſe of the | EY 


— 


b Move the- Radiug 9go_in the fliding Sines, to 23* 30', on 
We the fixed Sines (the Suns greateſt Declination) & againſt 58* in 
the moving Sines , you have 19* 45',, Which is the Suns preſent 
Declination, | 

The like Declination the Sun, bath when he is 

Taurw, in 1% 40' of Leo, 28* 20 of Scorpio; eyery of 

t from one of the XquinoCual points Aries or 


10-28” 20' 


- 


? 


QHESTION IL 


Latitude of the place 5x degrees 30 minutes, and the- 
Declination of the Sun, 19 45 minutes, being 
_ given, to:find the Aſcenſunal.diſſerence.. 


As the Co-tangent- of the Latitude 38* 3o', 
1s to the Tagentof the Syns Declination 19* 45 3: .. © 
NS, = das & 
. To the Sine'of the Aﬀcepſional Difference,, 26* 45'- #-.,- 


Move: 38* 3o'(the complement 'of 'the Latitude) in the lily 
Tangent, to' 19* 45” (the Suns Declination) Jook on the Line of 
Sines,'& againſt the Radivs of the aoyog Fe is 26* x5" the- 
Afcenfioral difference; whichis the time the'Stih Riſeth'or Set 
before Ax a Glecks ,, © © 87 

S9 if this 26* 45-'\being tmrnd% into time., by allowing 15* to 
en hour, and cne Cegree for four minutes of time, being compu-- 
ice1s 1h, 47:4 an6 ſo. mach doth the Sunriſe before or afterthe hour - 
of 6, acccrgirg, to. the time,orſcaſen of 'the Year: +) 

For if the Stn hath Nerth Declination,. . he Rileth before 6,. 
if South. Declizatien, cfter 6. The Afcenſicnral ciff rence being - 
agccd to Six. E.curs (tle time cf Necn) will. give yeu' the Semi- 
ciurnzl Arch, or half lergth. &f tle Day; cnc. being Spber; Qed 
ficm. 6: 1eors, will kaye you. "tle Semi-r.cArrnel, Arch, or Falf; 
lrab cfthc "Night. | > 


QUESTION? 


- 


—— 


Siding Circles in Aronomy' Dor 
L + QUESTION WE 


The 6 51 degrees 30 miniites, TS | 
be Sun being given, to find the Amplitude. 8 


As the Co-fine of the Latitude 38* 30), 


Is to the Radius; | 
. So. the Sine of the Suns. ion 1195.45" + 
To the © the Amplizade Re or PS. pom of 


.. the Horizop,- 32. 50 _ % hp a_ 
Set 38* 30" (the complement of the Latizude in the Clidin 
'Sines) the Radius or Sine of 90 on the fixed ; th then againf 


199 a5, "Suns Declination) in the" Line of. Sines, is 
32 on the fixed; "and {o much is te Rapinae at le 
time - s dis Declination'ts 19* 45';. (| 

Snppoſe the Sans Declination 'were 0o',* then without 


altering the Inſtrument” from. "the- erp me to, 
ks Sines,. is 33* 107 oo the 


M363 7 + 


any © + Declindtion on the moying Line of Sines, . 
SO Sn da 


1-4 


ebeSTroy wv. 


— the mala, and che 
h, o, the gh 57 dere al as = givens 
REST Lore a RNs of his 

S i cow totem 2rt . 


Tis 0+ 


- The Propattioti 18556935 91 16 04 000002 09 
As.the, Co-line of rhe Declination70* 15's | 
Is to the Radius go; - 
$0 tethe Line of the Latitude 51% 30', ro the Sine of the Angle 
SEES ach nd 7 x 


: A # 
= a” s FEET # + £ . $1 _ 
; nag 3047008 9113 nl F 2 | Slide 
- - = a 0 - R - "be 


. 


12 "Winn The 'Uſe'vf-the We: 
Slide 79* 15' on : the povin Sig! the cmperenat thedecli- | 

nation) ro was Sine of go" on 
agaioſt 5x* 30 (the Latizude) on > th moving Sines . is 6; 

. on .the ed. being the Angle of the Suns TD | Lime 

of his*Ri 


QvESTro NV. Fe fi 
- The Suns pag re 19 _ ——_ end bit FO» 


s 50 the .Eaft or Weſt 
part vor the « Pricm Ty Ren, 7 th + Lal. 


* As the Sine of the DL Feths Halt or "IO | 


Is to the Radius go*;. 
+ So is the Sine of the Declination 19” 45" 
To the Co-ſing of the Latitude; 38* 30 


Slide 32* 5o* the Suns. Amplitude, 0 ih Ratigr Seng 
on, the fixed part; then look for .1g9* 45 the Suns 
and agaldſt it, on, the fixed. Sine gd 794 
the Latitude $}? 30... | 


QUESTION m 


The Suns greateſt Declination 23 degree 3 30 nn 
' bis Diſtance fromthe Yvan 
Libra, 58degrees.z" oy” 27veny by »y 
A "3: _— Ns A . 
The Projortica | is, # 
As the Radius go, 
Is to the Co-ſine of the greateſt: Declination nl. e 


So is the © 's diſtance from the next EpuinoQtial poilt #4 
To the Tangent of $5* 44. > 
) 204221 


Slide 66* 30' on the moying Sines, $0.99 * in the fixed Bikes z then 
bring 45* on the moving Tangent, __ oin the Sines : then look” 
for 58* ( the ©*s diſtance from Aries ) inthe moving TOW: and 
againſt ir ( in the fixed Tangent) is $5* 44+ Lueſtion 14 


* [: 03. C3164 ©1415 4 Of 17 3 $Ys If 3 2b1lz 

OHV O8t 213 19 Fo Es T-f 0+ ares. ph 13 YaT90 LL INY 
'f ni 6 Of i HHS9YR. 15:7, V5 
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10109 i i 203k 


The Latitude of the ns degrees 30 mvimates, and the- 
Bi s dts bin ge 
Ts amr 

or Weſt points. or 


OIL WRITE The Proportion \Q 38 AAA 5 
at wv © Y AIOTY, LOW. HR > , ed Ay DT 
As the eine Ye TEIN JET 
| Is to the the Saps'Declination 19® 45' 3 
So is theRadins 


"To the Co-line «4 CE 


© when hehath 190 4 4x of Dec | 
at 12 ys 7in. the orning, a 
in; ) F&2 *01 > ki bly O27 32 10 wad 2; "al 9b1tc 
l 19126. þ bay 243 29 C(noiten 
; "EE; -&. rae 7 RDESTION. "At... vYIrorm 913 - 10 
9761 Nin © gr 5bu:nls 


the Leirade of the Place 51 deg. Lgry'> and the 
_—_ 


F Hei CT On A = 


101935713 Net. 9! 071g 3n IE = _ 
mo won O17; FI& 201 141 21007; 203 7? 


' 2 - alata en \235>7pwongl 


PO Ta of the Lat. 51* -30', wen ahers 
1s to the Sine of the Decli EE 19* 453 


"Tak We the ©'s Altitude 25* 35 


Cu_— 


6, ” ge _ UFOs \-The Mr af he 11. ae 


-- _ 


Slide the Sine 51* g0' ; (te Lat) on the fixed line 
.of Sines, being the Fane wad RI hee oats 
Sines, againſt it you find 25* 35, the Alti the © will have 
when he is on the Ea or or Weſt Points, 
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A vt 3034 6 OI, + WL S ha 2 As $$. 24 : 
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The Latitude ofthe we 5 ; 29 min. and te Sans 
lination rx given, to find- who | 
Pres r v1 PF: 
O #17918 a&F 582 co}. 2 


20 enDe 34 Ti, 


SSL AY 5 1c we 
EE 2341-09 313 oT 


. 43, J m3}: <ni{5; TY 44 1s 9:7: 


0 ad ifiie xx 3.” 4 PO ads ah 
JBRADILL” OD +2 30 F112 o | 2 $d21 
= Ed hip 9109. 
"1% B66 Ws She ofthe 12 eas; 
oy "Tor Spwrof the @', Alt far of | 
ergy | QOUT OL. 
vm 5. Es 11299.99] nt ag "*o CH "$1 036 
is of Wt aut vc fin þ Xs « ik! a7 ni 


Slide © the Fin of 90 go to the tm 19* £1 Fe 3 
nation) on Latitude 
on ru. moving Sines pron GT be 


bmw 15? 24 3 
the Akitage the © will have at the hour of fix. 
bk AV © 93 1 9B © 201M \o . 9h Ad.\ wht VRUZHY 


Ky '& 4 
Queſtions miglit be Increaſed to gn 
ec tin mit hurts 1) 
not my in Fas purpoſe, .ſhall ſhall therefore leaye'it | 
of the more ingeruous Marriner, whereby theſe hints may ks 
ſuch Improvement of the Uſes of this ond as will aaa an- 
{wer their Induſtry. 


” of 
\g9 17 03 ci 


* * f 
o Ss 7 » 4 
# 1%. . . F . m 
" FEISS . > f > W144 
* 
* 1 
00 ” it) 
. 
pd f = 
= + 4 ' , T >» 
18:3; FX a ». ws; $3 « 


- - 


'£ 17 21 $10 2989 21 bus 3 21 4 


"BEIT TN oF ofthis. "ge? 


* {+1 rity #Int 
1709 J6!1 {fl 132 


; : * v0 $404 \ 
21.3 ? 702 40 | 1 TEST left SJ? ERIYTON! JUON3TTS | 
. 2 E-4 <4 ” : - - t L DA | 4 * 0 "1 0 
1 77+ T £44 nia ' 1+ \ T3 4+ # - ny s 4 - Cz 3.14 , %. 


= 
” a £ @* ,”- $. 
£7 3 If: 


N:. 3 $ 27: 7: 
| USO LLSTETVY + 


# to 3cflt 8 10 Ii HY LTH N 20 5 O - 
39! <rneict. "», 15'! 3 


4dgT v ) £5 10} © REST 108: R549 _ Fir wat] 3 44: 


Rp Kain the Bic fer. Ind. ev bs of bn Pires Shs, o oF 
ho 3 the demi rv r Shes of chr fame Meetlc fn 


iow —— ſaaT _ 


þ, vhacthala 


IHND 


12/NDs $1 


y/ 


49221m8iC] 35a to 2cu5 203 2 $8 a HESI2 BU 

_ Faroe Da 51.0 muſt ſlide the: Dianderer of thedcfl:r- 

111; 9k eter ativhogreater..c 

banged ey een = mins of Nambers 
en, f T ot of 

4 tang in ($4 .moving line, you have 1$ on the fixed ling ; Thea 

without moving your Inſt:ument, look for 18-in the moving lincy, 

and agaiaſt-it on the fixed line will be 36 z now look for. 36 in 

the moving line, and againſt that on the hxed your have 72: waick 

15 the tne weight of your ſhot required. £ 

ie fam; Queſtion Reſolved another way; 
#66. 5110) * Hs 


Ld 


DS. _— 
hk es 


E—— 


— _— 
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_ artron Shot nche Diameter weigh BY | 
wrt f 8 Inc oy neigh f x I” at ſhall an tron 


All Bullets having | 
Arithmatick, the "Gude _ 4 is 64, and co Cube of $. is 512. 


To find the Cabe of theews Diamiters above mentioned. 
Look fo 4 <xithe fing c Exe linea] u 


gain ( without moving ctw Core IR 
ed Fo for.$ Inches (chro EY and 
double line 6 eh ___ of 33 and againſt that*on 


ine is 5 or $ 1 64 to'9 6n the 
hxed IR of x SE, pr $ laches, is 
Fl2,a 152, the weight of a ſhot of 8 
Inches => ole; 

This Inſtrument being thous «ik to om A | Gunny Table, 
which anſwers the, weig x, of what 
Diameter ſever: ''1 RT (of 
any note} and. NIE caſt 


Iron of <a lachny Vim, weighs 9 W 
Therefor Torm 
look for the Api _—_ any £5 Ae EN v 


againſt it on thetreble line is you cube of that Diameter. 
Suppoſe the Diameter 5 Inches, agaioſt it on the tr 


e las i 


125, which is the cube. z/and+( without m the ent ) 
look for 125 on the fliding/ line of Numbers, Ru thet on the fix- 
ed is 17:1b and 50. as which is 576 and ati the weight of your 
ſhot of 5 Inches. | | 


And thus you may work any other Queſtions like this, without 
moving the Iaſtrument. 


Queſtioy® - 


Sliding Circles \n Gunnery. | 


to & $<=& = es 


 RVEST1oON. Nt. 


4% T 


' Knowing what quantity of Powder will load' one Piere of Ordnance; 
'-- you may Frnow how much ill load any other Piece of Ordnance. 


- Suppoſe you have a Saker of 3 Iyches 4 Bore, and it re vires 4 is 
of Powder, what will a Demy-Cannon of 6 inches and + +40 i 
| To Reſolve this, 

Slide'$'* *(which is 5, 75 pts.) tob.45 ont the fixed Tine, and look 
for 4, —— of Powder a Saker muſt bave, which is 4 tb ; a- 
gainſt this @. on 'the fixed-line is 6 and goo prs:*then look for 6 
and goaipts:m the moving ine,-and againſt" it on the: fixed is- 11 
and goo pts, then look for this 11.900 pes. inthe moving line, and 
againſt it in the fixed you baye 20.750 pts. which is 20 tb: 13 3, 
the weight of Powder to charge a Demy-Canney, | 


CBT 


- 


{ All Queſtions; of this Nature being Reſolved by Tables, 1 ſhall | 
nious. Marriner, of the uſefulneſs of this z the Ge- 


neral Table of Gunnery you have in my Treatiſe of Gunnery : 
To which 1 muſt refer you. _. - 


But if the Bullets be of ſeveral” Mettals, you muſt know the Pro- 
portion*'which one Mettle hath to'another ; and therefore obſerve 
theſe following Directions. TEE EEE el 


The Proportion between Lead and Iron is, as 2 is to 3: And - 
if you-would know what either of theſe Bullets wovld weigh in 
Liatt''s 2 115") ! 7 

As 2)ist0 35 ſo'gth.is/to 13-th +, the weight in Lead. And, 

As:2 isto 3, ſo 72 tþ isto 108 6, the weight of a Shot eight 

Inches Diameter, in Lead. 


AL The 


-_ 


MITT The Uſe-of the = 


I "_ 


The Proportion between'Fron and Stone is, As 3 isto 8. But this 
you mult underſtand to he of hard Mearble-Sroxe which is fit for 8yl- 
lets ; and in ſhooting theſe Bulers,' le Pomder will ſerves. it. being 
lighter Mettal. | 


By weight you may alſo find the Diamixer of any Buflet of Lead, 
tron, or Stone,or of any other Mettal whoſe Proportion is known. - 


The Meaſures ang Proportions of Mettalsare as fallom, 


Leatis to hrow. ax 2t0 3 Leadis to Braſs ws 24 to ug. 
Lead is to Stone as 4.to 1, ran is to Brefſs as 16 to 18, 
Jron is to Stone as 3 to. 8. \ 


The mote 66 Poprtonf Mens ar tes oloing” 


= 1 | 1060 
= yeight, the like Cube or Buller of any of theſe Mettals { | weigh 
2s. followeth, and haye the fante Proportion. . 


i6 pes. $2153 04 1 pa"? 
 Goll-———+—100, 00, BHraſs —==47, 37 4 
FO Eeckſilver — 7%, 43 Jon ———- 42, 1& / 
Silver ————— $4, 39 St0tWt ——— 15, 
Water —— —— 53 6 ._ 


HEN Cube os Bullet of a certain bigneſs to. wei 


— 


; Now if you would find the wei t of any other lid Body, 
though of different Mettals ; By theſe Proportions I ſhall give-yau 
one Example more ; by which you way perform any other' Queſtion. 


Quelt, 


POET end _ > 1 tn. hs. ts. —_— 


i Siding Cleclesfa a Building of a Ship 19 
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: Not ESTION I. 


#br Py vol, Weight, what an Iron 
| Tv the fa: by 3500 thick f weigh ot hy” s 


Slide 47. 37 pts. on the. zoving, line of 'Numbers, to 42. 10 on 
the TRE i bs "Cihe weight of the braſs Gun) in the 
wo hag [9313800 the fixed- : : which is the weight of the Iron 


— 


CH AP. 'VL 


CY - la ons for »: Boildite: IF. F, 
Ship by this Tofrumbus. 


RvESTION . 
| ©. LEORLL "LI TTEND 

100 Tv 6 Foot by the Kpes how me | 
Ship be, whoſe Keel 399, Foo, 7, 


o <F%,vm.. hr dapay, 106 on the 
CH SE Eg 
he fi 35.tt r 15-35 on the moving line, 
Cp CL atariey pb 
Ko fixed is 364. ba nn. 
whoſe Kee! is 8 oY | 


ay To n the moying line, 
that Shzp will be 


To 


20 The Uſe of the 


To find the length of the middle Beam of F the above Ship, which is i 
364 Tun, withoug, moying the Jnſtrin. ent, 


The Ship before mentioned of 100 Tun, is 22 foot by the Bram 
look for this 22 in the moving line of-Numbers,and it op the 
fixed is 33 & 76 pts. And ſo much that Ship will be by the Beam, 
whoſe Burden is 364 Tn, 


To find the depth" of 'he* HA. - 


Suppoſe the Ships Bald before givin of 440 Tim; is 2 fiordiiehe 
Hold : whe depth ſhall this Ship be in che ith whoſs Burdens 
364 Tan _—_ : 


- 7 To Refoh gs, # 


Look for 12 on the m__ line of Numbers, and againſt it on 
the fixed is 18 and 35 pry. fo many foot deep the Hold-of thas 
Ship muſt be which is 400 Fo b the Kn Keel, . 33.70 pts, _” the I 
2nd whoſe Burden mult he 364 Lo MOL ASON TH 

\S | © \ 4 


 Qvesr ION" bid 


For Gauging 4 Ship, to kwow how many wy; Bs 
: King*s, or Merchant's Tunnage, +: 


F COT" © Gi 


I ſhall mike off of the-comingn: given Nutabaer,» 
Tunna ge, and 95 for Merchant's 4+. $a 


cans, either 
» I 


| 8u poſe there was a Ship 46 foot by the 'Ki2l, ahd'\ 
= Beam, and. 9, foot. deep 5n the 59a 3 to Wa us 


Tp ſuck a Sing, will contain ? 


Slide 160 in the moving line to 1 7-0n the FA 4, the breadth 
ef the Ship) or the Ingth of the main Beam , then look for 46- 
mY 


Sliding Circles foz the Buſſding of a Ship, | 21 


_ inthe moving line, agajoſt it on the fixed is 7.84 prs. which I call 

a fourth Number ; then ſlide 1 in the moving line to 7.84 pts.” on: 
the fixed, and look for 9 ( the depth of the Hold ) in the moving 
line, againlt ir on the fixed is 70 Tan, 6y prs, of a Tus. And ſo ma» 
ny Tus will ſuch'a- Sh5pcarry of King's Tannage. = 


+, The Cannon for Merchant's Tunnage, is thus. 
* | | 
As 95, the Allowance for Merchant*s Tunnage, 
», Is to 100? the King's Tunnage ; 


"*. $0'is any other Number of King's Tunnage, 
© To, Merchan's Tunmage. 


= 


$0: Jook for 46 in the moving line, againſt it on the fixed you: 
' have 8. 2tenths, which 'is 20 pes. of 100, which- is the 4th. Number. 
: Then (ide 1 in the moving line, to 8.2 tenths on the hxed, and look 
for 9'inthe-moving ( the v5 of the Hold J againſt it on the ix- 
edis 73 Tun f75prs.. And ſo much this Ship holds Aerchant?s: 
Tumage. | | F370; . 


QUESTION 10. 


Suppoſe I have a Ship 46 foot by tbe Keel, and 1 would build' another 
of 65 foot by the Keel z the Queſtion is, How many Tun: ſhe will be ?- 


Slides in'the moving line, to 65 on the fixed, then look for 
7395 p14. the moving Tine, and againſt it on the fixed is 106;, 
look for this 106 in the moving, agzinſt it on the fixed is 153 z: 
then look for 153 in the moving, againſt it on the faxed is 220. And. 
fo many Tuii will the Ship be. 

P ” '2 


- +I ſhall give this General Rule, with « Table of Proportion ; by- 
' which you-may take the Proportion of any Ship, from 100. Tim to- 
800 Tun : and this you may 


enlarge to what number of Tas. you. 
pleaſe. 


Foc 


The Uſe of the 


; _ © For. Exam ple. ::>/; | 
*%u Ship of 100 Tun. to be-44 by the XK, 
Wes broad - K the Midſhi _— 9 foot ", Fa the £5 | 

and did rake with the Stem forward 13 foot, art bs gle Stern- 

Poſt did raks 7. foot off ward; and you-wenldveld atorher Ship 

of double her Burthen, or 200gT un. 


The common way is to multi y all theſe Dimentions, Cablcally | 
that is, every number by nfl. and the Produtt by it alſo. *? 

As 44 multiplyed by 44, makes 1936; and this belng 
b <4 ns which is the Cube of 44-3; this you-mpſt o 
ble. by reaſon iplaſt propoſed is double her Burthen z which 
makes 170368 ; the Cube-Roor of this number being extrafted,/is 
55 foot 437 79s which is 55 foot 5 inches, and almolt -x fourth-of 
an : | : 


- Now you may Cube this with your Pen, as before direfted;'" alſo 
for finding the Ip and Cube-Root, is ſhewed by the Inſtrument 
in ſeveral of the oregoing Queſtions; T ſhall only add one more 
Example in this Queſtion. Pr *.4 | 


EXAMPLE. 
Look. on the treble line of Numbers. for 170368; under. 


the ſingle Jine of Numbers is g5 and 4 teaths, the Cube ; 
170368. | 2361-1 


— 


M— 


 Hilving Tiley wy he Buſting ofa why 23 
To find the Mid-Ship Beam 20 Foot. | 
a +4 ; to 55 Foot. 437 pre. Sois 20 to 5 Foot 199 pt2- 
To find the depth FP. the Hold 9 Foot. 


At 44 to. 35 Foot, 602 006 So'is 9 to 11 Foot, 339 pes. 
F\- 


-;- For the Rating of the Stem, 1 3 Foot.» 
Th 44 0 55 Foot, ATM So. is 13 to- 16 Foot, 379 pts. 


* F o the Rebng of the Stern-Poſt, 7 Foot. 
As 44tos5 Foot, 437 pts. So is 7 to-$ Foot, 819 pts. 


You haye here in the laſt Colume a Reſolution i in feet and parts, 
ng Dimenſions required, ſo evident, which needs no Explana- . 


Or elſe thus, having your Proportion as one Cabe is to another, 


A Table ſhewing the Cube-Root of the 
nine Digits. 
- The Cube-Rooe of one Is; - 1. 000 pts. 
The Cube» Root. of 2 ts = —— } 260 pts. 
* The. Cube- Root of 3. IS ——— 442 pts. 
\ 2 "The Culie-Roce of 4 i —+———— t— 557 pts 
43+.. 1 Bhe: Cube-Roor of 5 is ——-—— — 1-— 719 pts. 
The: Cabe- Rect, of 6.15 —- ———— i — $17pts. 
The Cube- Root Of. 7 is ———— 1 —— 913 pts. 
The C ube-Root of 8 is; — 2 — OOO pts. 
| | | The, 


LY 


” - - Et. 
—_— _— WV — NEER——_—_ COC——_—- 


The Table of the Cube-Root applyed as Can- 
Nnons, to find the length of any« Shap's 
ow whole Burden is from 109, ts 800 

Un, 


: . o" Feet.Parts. 
200 Tun, as 1.000 t0-44z3 ſdis1.260to 55.45 


300 T'nn, as 1,000 t044 3 fois 1.442 t063.448 

400 T'un,as 1.000 to 44 3 ſ0 is 1.587 to 69.828 

Ships Burdens. \ 500 Tur, as 1.000 to 443 ſois 1,730 to 983.240 
600 T un,as 1.000 tO 443 10 is 1.81% to 79-948 

{ 700 Tun,as 1.000 to44; ois1.913 to 84-172 

800 T'«n,as 1,000 t044 ; ſo is 1.200 to 88900 


The Uſe of this. Table to find 
+ the length ofthe Kz2} *7 + © 


inte 


If you would know the length of the Keel of a Shi Burden 300 
Tun: in the laſt Colume againſt 300 Tux, you hve 63 foot, 
448 prs. the length. of your Keel. 


' The aforementiqned Ship being 44 foot b the 
Tux, to find the length of the Keel of any Ship's 
above Table, - Ill Jet” TA 


Applyed to the Inſtrumeng,. thus ” wo” 

Slide 44 in the moving line 55.437 pe-.'0n the fixed”; againſt 

20 in the moving line is 25 on the fixed + which is ae pngeh 
of the Mid-Beam of a Ship whoſe Burden is, 200-T an.” 


_, 
, - 
"TP ' 


. - 


"254 Sliding Cittles* in Solid Yeaſures 2. 
Kt, pon _ ——_— CO for 9g in _ — 
ine (the depth in the ioft it is 11 339 pts. the de 

of the Hold Tequired. Sp e Rake of the Stew. look for ih 
the moving line, againſt it on the fixed is 16.379 pts. the Rakg of the | 
Ship's Srem required. 1, To find rbe Rake of tbe $pern; lookfef 7{o fie 
movin# line, againſt it ot: the fixed you have 8 foot 819 pres. Thus 
ſliding the length of the given Keel to the length of the Keel: of that 
Ship whoſe Propottions are required, lookingon the moving tine of 
Numbers for the Proportions given, and againſt iron the'fixed you 
have the length of every Proportion Reſolved, as in the foregoing 


—_— 


Example. 


1 n % l 4 | 4 . ” " : , 7 
: - : n ” . JF P #44 
em a — _—— 4. 


CHAS. MY 


al 


* © "The Uſe of the Triſtrument! m "Superficial 
'_ and Solid Meaſures. Fn | | 
QY EST ONT, 


' 11 Suppoſe # Board or: Plank of v5 inthes road, und 18: foot lony, 
041'%,  Haw'many/foon's enki dom char Bailey! Pl? oo 


; ” 


Lide 12 in the moving line to'r 5 and the breadth, on the fixed 
line, then look for 13(the length Y in the movingline ;/ againſt it 
onthe fixed is 23.22 pts. z- fo many footis contain'd in the Board or 


VEE... $ | 
- PET Rota ” - RVESTION:. =” wy 
Sxppoſe I have, « Board or Plank.of 10 inches and %, and 21 foot 
and + long ;, to-know 'the Cont ents of that Board or Plank, 

Slide 12 in the moving Tine to 10 and $, (the breadth). on the 
hop, chen look for 21 and 4 (thelength) in the\ moving line ;; 2- 
gainlt it on the fixed is 18.92 p#s. which is 18 foot 11 inches ; and 
. To many foot the Board or Plank contains, 

200 Aa QUEST. 


— 


_ 
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QUESTION I. | 

To Meaſure Solids, whoſe fides are equal. 
Suppoſe a piece of Timber 16 inches ſquare, and 40 foot long ; How 

ww_ f = Ar of Timber doth hes piece comes ? 

' Slide 12 in the moving line to 16 (the fide of the ſquare) on 

the fixed ; then look 30 ( the _— ) in the waxing ; againſt it, on 

the fixed you have 40; the which 40 look for in the moving line, 

and 2painſt it, on the fixed, is 53: And ſo many foot doth that 


piece contain. 
os 


QUESTION 1V. 


Suppoſe a piece of Timber 8 inches ſquare, and 14. foot and } in 
ength;, How many ſquare feet is contain'd in this piece ? 


Slide 12 in the moving line to 8 ( the ſquare) on the fixed, and 
look for. 14 and 4 in the” moving line, and againſt it on the fixed 
you have 9 and: 65 pes. look for this g.65 in the moving line, and 
rg it inthe fixed is 6.45 pts. And ſo many foot is contained 
inthe piece. 

If you would meaſure romd Timber, you muſt firſt find the ſide 
of a ſquare equal to the Circumference of your piece, and then work 
it on your Inſtrument as the ſquare- timber, as ia the 34. and 44h, 
Queſtions. | -14] 

I might have given divers Queſtions and Examples concerning 
the Area of a Circle, or irregular Bodies ; but in regard another 
. Treatiſe of the Uſes of this Inſtrument is almoſt ready for the Preſs ; 
principally concerning Gauginz, meaſuring of Solids and $ zer, 
and-will be ſhortly publiſhed, 1 do purpoſely avoid any more enlarge- 
ment on this: SubjeCt. CHAP 


| * 4 | 
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. CHAP. VII. 


The Uſe of this Isftrument in 
] DIALLING. 


' A Horizontal Dial, 


| ſuch a Plain which always lieth parallel with the Horizon, and 
Þ& the Zenith is the Pole ; And the Stiles Elivation muſt be equal to 
the Latitude of the place, and therefore is given according to the 
. Latitude 51* 30". F TY 1 

The Subſtiler Line is always on the Meridian, or Hour-Line of 

12, being the North and South Line, - 

Let the Horizontal Dial be propoſed for the Latitude 51* 30', 
the Canon ſtandeth thus;as the Radins is to the Sine of the Poles Eli- 
vation, ſo'is the Tangent of the Hours in the EquinoCtial, to the 
true Hours required. | : 

Now to work this by your Inſtrument, you muſt have a ſmall 
braſs Index fitted to put on the Center thereof, that when Sines and 
Tangents muſt be uſed together, you may by help of this index 
( ſo placed as to moye in the Center) bring the Radius or Tan- 
gent of 45* in a ſtreight Line even with «the Radius, or moving 
Sign .of 90%. This being done, when the Inſtrument is ſet to any 
proportion in Sines, and required in Tangents, it readily performs 
and ſerves as a Table for all the Hours diſtance from the Subſtiler 
Line ; from which you may draw the Projection of your Dial, 
according to this Examptk : | So. 

: Aaa 2 Slide 


;- 
” + 
" 
by 
"> 
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28 , "The Uſe-6F the | 

Slide the Radius 9o, on the moving Sines, to the Poles Eliyation 
51* 30' on the fixed line of Sines C the Index being one) bring 
the edge of the Index' to cut the Radins, or moving Sine of go*, 
and at the ſame time ſlide 45*?, the Radius on the Tangents to the 
edge of the Index ; the Inſtrument thus placed, ſerves you as a Tx- - 
- ble for all the-Hours, half, and quarter Hours, not only for this, 
but all ſorts of North or South Dials, as you ſhall be informed in its 
proper place, 

Andihere it muſt be Noted, That a Tangent runs but to 45%, and 
therefore this general Rule muſt be obſerved , That when your 
Number requires above 45” upbn the moving Tangent Line, you 
muſt count back again, on the fixed; as againſt 40* You?l ſee 5o, and 
againſt 30* you?l ſee 60, and fo for the reſt. 

As the fixed gave you, what was required to 45*, now going back 
on the fixed, the moving Tangent gives what is required, to go?, 
according ta this Example. . . 


—— "4, 


- .; Look, onthe maying Tangent for 15*,, the firſt Hours di- 

: ſtance op the:EquinoQual, and againſt it on. the fix?d Tan- 

'XI &1 gentis 11* 50' the true Hours diſtance of 11 and x, from 

. theSubſtiler, thewthe ſecond Hours diſtance in the Equino- 

Ctial is 30*; look: for 30* on the moving Tangent, againſt 

X &1II it inthe fixed is 24 20, the true Hours diltance for 10 & 2. 

Then look for 457 onthe moving Tangent ird Hours 

-:{, . » diſtance igithe Equinoial, againlt it on,thebiged is 38? 2*, 

IX & the true Hours diſtance for 9 and 3 ; 'now.the Tangent run- 

Il ning no--farther, you mult count back again on the fixed 
Tangent, as you counted forward on the nah" 

. So if yow look f05,60* {the fourth Hours diftance on the 

Equinotial) -0n-zhe fixed -Tangent, againſt it on the mo- 

|; Ving: Targenp 11s! 53? ,35/, the txue Hours diſtatice, for the 

VIII-6& 8 and,4 Hours; A. 


oy! Then look-for-75*,. the fifth Hour in the EquinoQtial on 
the fixed Tangent, againſt it on the moving is 71* 6' the 
VII & V true Hour for 7and-5;; ,, | 
And look for 90* on the fixed Tangent, and againſt it on 
the moving is 90*, whigh is in a Horizontal Plain, the true 
vi Hour of 6 in the Morning, and 6 in the Eyening, 


Tn 


"'# 


_— 
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In a Horizontal Dial, the Meridian or 12. 4 Clock- 


Line is the Subſtile.. 


Fig. 1.; Take 60? from your Line-of Cords ( which you have 
made-on the Index of your Inſtrument ) place une foot of your Com- 
paſſes at B, and with the other draw the Semicircle AEF. Then 
take the Latitude of the place, as in the Figure 1. 51* 30 and lay 
it fromE to G, the Stiles height. | $ 


To draw the Hour- Lines of « Hofizontal Dial. '- 2s 


For XI'& I. 


For X & II. 


For 1K & II 
For VyIL& INI. 


ForVI'& V. 


. ForVl & VI. 


- and 8 at Night ; and 4 jt the Morning, /atid 4 


| We 
Take 11” 5o' on the Line of Cords, placing 
one foot of your Compaſſes in E, and-with the * 
other cut the Semicircle' on each ſide E, and draw 
the Lines 11 and 1. | | . 
Take 24? 20' and lay Je off on both ſides E, as 
before, and draw the Lines 10 and 2' from the 


- 


_ CenterB. 


Take 38* 3' and from E lay it off as before, 
and draw the Hour-Lines of 9 and 3... . 
Take 5 25 which lay off on both ſides 'E, as 
above, then drawing your Lines a-croſs the Cen- 
ter B, gives you the Hours of 8 in reg 1 
the Afternoon; as inthe Figure, % 
Take 71* 6: and lay it off oneach fideof E, 
and draw the Hoor-Lies: throvgh the Center B,. 
gives you the Koprs bf 5! inthe: Mornidg,.and-7 
at' Night; arid 5 ini the Morag, :and.5 at;Night- 
Take the whole go? of. your Line of Cqrgs,. 


which will 'be the Line of A'B#,: your Faſt and 


Weſt Line, and the 6th Hour in the Morning, and: 


6 at:/Night, and your Dial is hnilhed.. 


By 


ry 


_——.. 


3O 


ite Hours 


&c. 


Hour 


. The Uſe of: the: | a” 
\* Hours | Equinottial;Hours di-; By this Table you may 
; Horizontal. Hour, \ſtance on! draw the Hour-Lines of a 
| | if the  Plaio, Horoutn A908 the . 
a" Dales oo| ſame Latirude'g1' 30, 
_ FA Papa hg Table was taken 
half | - 30) 8 52| from the Inſtcument-being 
- quarter [I 19: b C1 .fet " as 1s mentioned afcer 
| XI&TL |:5 coſty_ 59 the Canon. EE 
quarter [15 45\14 52 By the help of the fore- 
/ half |** 3<q17 57/ . going Table, you may at a- 
3 quarter |* wi, N64 A ny time make a Horizontal 
X&ll | | — Dial with littl 
——_ 27 Tl tal WIN 1itTie Or no trou- 
quarter #5 '\ ble, or a new Calculation. 
half [37 39131 Oo: ( 
2 quarter | 11 15/3 24 The firſt Columa is Quar- 
ix & Ml. 1s ov/38. _©3] ters,balf Hours,and Hours 1 
quarter | 45 45/41 43] - the ſecond Columa is Equi- 
| - half 5: 3945 34] 'noctial Hours ;/ the third 
z quarter 456 15.92 2]. Columnis the Dzgrees and 
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Slide the Radius or Sine of 90* on the moving Sines to 38* 30', 
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Note, That North. Dial, are EM the South 
Reclinet, being oppoſite 'n » Only che Figures of the Hours 
muſt be altered; and for the Site, if the North Pole be Elivated 
upon the Recliner, the South Pole will be Elivated on ea 
Flains « WOE eppoſc Reqenee. - 
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- Inftrument in Dialling. 25 47 

' © 7- If at-anytime hefore or aftex Noon. you-ſubſtract- 

$ 3 right or left ſhadow from the Azim.and there remain - 
ood, 00.m. *tis thena full South plain.. , | 


$; If at any time right or-left ſhadow be added to the Azims 
and idamounts to 180d. then.'tis a full North plain, and- 

| theſe are all the Varieties that can happen intaking the 
Declination. - Situation, or-.Poſition,' © any plain that 
fy take pv pea gt Rader, wel nw 1. 
eaſily taken by- a "Quadr aler, well: known to-+ 
moſt. Artificers. . = | 
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In any Parallel of Lutitudey ts kyow how many Leagues mill An- 
' ſwtr ro one degree of Longitude, in that Parallel, 


+ '*The Canon js thus, | /, | | 
"As the Radius or Sine of go i” | 


_ — 


is tothe Co-ſine of the Latitude, .  _ + 
So is the Number of Leagues contained. in one EquinoRial De- 
 gree, to the Number of Leagues anſwering to one Dzgree of 
_ -of Longicude, in that Latjrude, . ; 


"For Example, | | [> 
In the Laticude of 18 d, and 12 m. 1demand how many Leagues 
Sailing in that Parallel, will alter my Longitude one Degree: | 


the Latitude on the fixed, and look for 20, on the moving Line of 
Numbers ( which is the Number of Leagues for one Degree on the 
EquinoQtial ) againſt ic on the fixed, is 19, and therefore every 19 
Leignes failed;rn_ that Latinide, -altereth my Longitude one De- 
gree. .-And if; you'deſire to know:Your difference of Longitude in 
Miles, look for 60, the Number of miles in one Degree of the Equi- 
noCtial, on the moving Line of Numbers, againſt it on the fixed 
is $7 the Number of miles that anfwers to one Degree of Longi- - 
tude-4n that Parallel. '-.. . : "IR. 
. Iii the Latitude of 51 d, and 30 m. cif” it be wy Mw man 
Logins 4n that Parallel, do anſwer to-one-Degree 0 oitude? 
ide 


-By the Inftrument this, © | | £65 | 1 
6lide 90 on the moving Sine to 71 d. 48 m. the Complement of | | 
} 
the Radius go d. on the moving Sine, to 38d.. 20m. the 
j 


Complement of the Latitude on the fixed, then againſt 20,-0n the 
moving Numbers, is 12 and 50 prs. on the fixed, which 1s-the 
Number of Leagues which will alter the Longitude one Degrees:in+ / 
that Latitude, 51.4: .30m.: And if, you. would have it-in wac.v 
look for 65 on the moving Line, againſt it'is -37, the Number-of' 
miles as before, on the fixed. _ _ | 


Ddd. | To 


Do ud how many Ales dp anſwer to many Porees 0 "= 
R Longitude in, any Parallet.. Mb Y; 


Suppoſe you Sailed in the Parallel of 50 d, tilk you--haveraltered . 
your Longitude 35 d. and you. would krow. how many miles you-. 
have failed, you muſt reauce the 35d. intg mites or mines, myl- 
tiply them by 60, they make 2100, the difference of Longitude in 
miles. Slide the moving Sine of g0.d. tothe Sine 40d.. the Com- 
plemetit of rhe Latitude, and look for.2190 on the moyips Line. of-. 
Numbers, and againſt it on the fixed, is 1350; anda maniy miles 
will anſwer to 35d. in that Parallel: And if you would mplciply ©. 
the 35d, by 20, the ProduCt is 700, which look for:6n. the moving- 
Line of Nymbers ( withonx. ajtering, the Inftromegt )- 2gaidÞ 'it: on. 
os ict, is 459; the Number of Lexpimron have failed in thats 

arallel. | 

Upon any Rymb propoſed, to.find how mapy-Leagues do aphrer-. 
to one Negree in the meridian, or any great Circle. _ Y: 
| | 4 
The Canon is thug, viz. 


As the Caſine of the Rymb fromthe mecidian : 
Fe np ey pag = ond af Deg : | vt] bi Ppt 
15 20 Leagues, the meaſure of oneTegree 10 any.great Cirgle,: 
to the Leagues that anſwer j0.0ne Negree on that Ram. '- 


Example, F 


- Suppoſe you failupon the 4th. Ramb from-che 'meridian,. which: 
is the poing, Nor-Eaſt, or Nor-Welt; or elſe the NSD | 


or South-Weſt; and you would knoy upon that how many... 
Leagues do anſwer to one Degree "of the meridian, 0r.alter the”. 
Latitude otie Degree. Sor oo 167 
Slide 45, the Caſine of theRumb; fromthe meridian tothe Ra--. 
us or: ſine of 90, on the fixed; againſt. 20 0n The moves of . 
Iymbers, 'is ptr er t-a L. f iy ee Dyed, 00 x, eforg 28: 
RS & ofie Degree, or alters the 1 tirade. de. ONE... 

7 JW r6e in ſailing upon that Rumb, © | "0 


CY 
Id FL: 
-” 


" 
4%. 
% o 
F341 
wo 
» % 
3.3 


E-IN-I Sg 
& » +, vos % . *-. 


% 


v4 


v 
\ 
\\ 
f 
W 
dF 


JU? f 
VJ "JW, 21 1. BP | 
a. LY DE == Fs 
wn Kar HO 
» Ia. ane W 
+ 


t, uw 


; 


